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INTRODUCTION  TO  , ( 

THE  STRUCTURAL  FLAKEBOARD  FROM  FOREST  RESIDUES  SYMPOS-Jlljiil" 


Robert  E.  Buckman 
Associate  Deputy  for  Research 
USDA  Forest  Service 
Washington,  D.C. 


SEP  ' 


It  is  my  pleasure  to  welcome  you  to 
this  symposium  to  discuss  the  wrap-up  of 
the  Forest  Service  program  on  structural 
flakeboard  from  forest  residues.  A real 
benefit  of  this  symposium  is  the  fact 
that  we  have  most  of  the  principal 
scientists  involved  in  the  research  with 
us  today.  Even  though  each  of  you  has 
been  given  a copy  of  the  Proceedings  of 
this  symposium,  the  added  feature  of 
having  these  scientists  with  us  is  that 
they  will  be  able  to  supplement  their 
papers  in  the  Proceedings  and  to  answer 
any  specific  questions  you  might  have 
pertaining  to  their  area  of  research. 

The  fact  that  we  are  here  today  is 
the  culmination  of  over  5 years  of  re- 
search effort  by  USDA  Forest  Service 
research  scientists.  These  scientists 
benefitted  from  the  results  of  research 
conducted  during  the  past  two  decades 
by  university  and  industrial  laboratories. 
They  also  cooperated  with  our  National 
Forest  System,  with  assistance  from  our 
State  and  Private  Forestry  Branch.  In 
fact,  one  of  the  papers  being  presented 
today  is  by  Dr.  Richard  Jorgensen,  who 
is  our  national  wood  construction 
specialist  in  State  and  Private  Forestry. 
In  addition  to  this,  we  have  Peter  Vajda, 
a consultant  in  plant  and  facilities,  and 
Monte  Harold,  a forest  industries  develop- 
ment specialist  from  TVA , and  Richard 
Withycombe  from  the  University  of 
Montana.  We  must  also  pay  tribute  to 
Charles  Morschauser  of  the  National 
Particleboard  Association,  who  offered 
advice  and  counsel  throughout  the  program. 

This  whole  effort  began  approximately 
6 years  ago  when,  in  June  of  1972,  Chief 
John  McGuire  approved  the  Close  Timber 
Utilization  Report  and  committed  the 
Forest  Service  to  a Service -wide , 5-year 
effort  to  reduce  all  residues  on  Forest 
Service  lands.  Forest  residues  appear  in 
many  forms.  They  may  be  dead  or  dying 
trees  and  cull  trees.  They  may  be  trees 
too  small  to  be  considered  merchantable 
by  commercial  standards,  or  trees  or 
species  which  have  no  marketable  value 
can  be  considered  residues.  Timber 
harvest  results  in  accumulations  of  log- 
ging slash  which  can  most  definitely  be 
classified  as  residues. 

Regardless  of  the  source  of  the 
residues,  the  primary  purpose  behind  the 
Forest  Service  commitment  was  the  need 
for  research  to  upgrade  the  quality  of 
environmental  management  and  to  extend 
timber  supplies  through  improved  treat- 
ment of  forest  residues  whether  they  be 


logging  residues  or  other.  Many  oppor- 
tunities for  utilizing  residues  were  dis- 
cussed, but  it  became  apparent  that 
structural  flakeboard  was  the  best  pos- 
sibility for  consuming  large  quantities 
of  residues  as  a substitute  for  lumber 
and  plywood  products  from  roundwood.  So 
the  objective  to  develop  an  economical 
panel  product  from  flaked  residues 
competitive  in  function  and  price  with 
sheathing  grade  plywood  was  set. 


A program  evaluation  review  technique 
or  PERT  charted  plan  for  accomplishing  the 
objective  was  developed.  The  PERT  chart 
plan  is  realistic  but  it  is  also  flexible. 
Not  too  much  flexibility  was  required. 

Most  of  the  objectives  or  events  of  the 
plan  were  met  on  schedule.  The  first  task 
defined  on  the  chart  was  the  establishment 
of  performance  goals  for  the  structural 
flakeboard  we  were  to  develop.  These 
goals  were  established  in  about  a month 
by  an  ad  hoc  work  group  under  the  leader- 
ship of  Con  Schallau.  In  developing  the 
goals  for  structural  flakeboard,  the 
properties  of  sheathing  grade  plywood, 
tempered  by  realistic  expectations  and 
reasonable  performance  requirements,  were 
determining  factors.  The  goals  were 
merely  meant  to  be  targets  to  strive  for, 
and  were  not  necessarily  recommendations 
for  eventual  product  specifications. 


Flakeboards  were  developed  at  the 
Forest  Products  Laboratory  in  Madison, 
Wisconsin,  and  the  Southern  Experiment 
Station's  Forestry  Center  at  Alexandria, 
Louisiana.  Research  aimed  at  harvesting 
the  raw  material  or  collecting  and 
transporting  it,  and  breaking  it  down  into 
material  for  the  flaker,  was  conducted  in 
Houghton,  Michigan;  Missoula,  Montana; 
and  Alexandria,  Louisiana.  An  important 
part  of  the  program  was  the  economic  and 
marketing  assessment  of  structural  flake- 
board. I am  sure  you  have  all  noticed 
that  a good  share  of  this  week's  program 
is  devoted  to  the  opportunities  for  es- 
tablishing structural  flakeboard  plants 
throughout  the  United  States. 


One  of  the  final  events  of  our  PERT 
chart  was  the  transfer  of  the  technology 
developed  during  our  program.  This,  of 
course,  is  why  we  are  here  today.  We  feel 
we  have  a good  story  to  tell  and  are  proud 
to  share  it  with  you. 


This  program  is  an  excellent  example 
of  the  cooperation  between  the  branches 
of  the  Forest  Service,  and  with  the 
assistance  of  industry  advisors.  This 
spirit  of  cooperation  is  being  carried 
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one  step  further  in  the  presentation  of 
this  symposium.  The  USDA  Forest  Service 
and  the  Forest  Products  Research  Society 
are  cooperating  in  it's  presentation.  We 
were  very  fortunate  to  be  able  to  have 
a co-sponsor  such  as  FPRS  helping  us.  It 
freed  us  of  the  details  of  site  location 
and  selection  and  proceedings  preparation 
and  permitted  us  to  direct  all  of  our 
efforts  toward  giving  you  a good  program. 
So  with  this  short  introduction  and  wel- 
come, I will  yield  the  podium  to  Thad 
Harrington,  who  will  introduce  the  first 
topic  and  speakers  of  the  seminar.  I 
hope  you  have  an  enjoyable  and  fruitful 
session . 
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FACTORS  INFLUENCING  MARKET  POTENTIAL  FOR  STRUCTURAL  FLAKEBOARD 


H.  Edward  Dickerhoof 
Industry  Economist 
Forest  Products  Laboratory 
USDA  Forest  Service 
Madison,  Wisconsin 


Abstract 


U.S.  Housing  Demand 


The  primary  market  opportunities  for  struc- 
tural flakeboard  are  in  new  residential  construc- 
tion. Recently  developed  U.S.  Forest  Service 
projections  show  continued  strong  demand  for 
single-  and  multi-family  housing  during  the  next 
five  years.  This  increased  housing  demand  will 
result  in  expanded  markets  for  floor  decking  and 
wall  and  roof  sheathing.  A major  factor  influ- 
encing the  market  success  of  structural  flake- 
board in  these  markets  will  be  its  cost  in  rela- 
tion to  other  competing  board  products — parti- 
cularly softwood  plywood.  Although  structural 
flakeboard  may  offer  several  favorable  technical 
characteristics,  it  should  also  be  competitive  in 
price  in  order  to  penetrate  most  board  markets. 

Introduction 


The  success  of  structural  flakeboard  manu- 
facture in  the  United  States  will  depend  on 
several  interrelated  factors  such  as  market 
demand,  competition  from  other  domestic  and 
foreign  board  manufacturers,  building  code  ac- 
ceptance, raw  material  costs,  and  the  physical 
characteristics  of  the  product.  This  paper  will 
briefly  discuss  how  these  and  other  factors  may 
influence  the  market  potential  for  structural 
flakeboard . 


Major  Markets 

The  major  markets  for  structural  flakeboard 
include:  (1)  new  residential  construction — 

single-family,  multi-family,  and  mobile  homes; 

(2)  nonresidential  construction — agricultural 
buildings,  public,  commercial,  and  industrial 
buildings,  concrete  forms,  and  others;  (3)  indus- 
trial uses — containers  and  pallets;  and  (4)  resi- 
dential remodeling  and  repair.  While  all  of 
these  offer  great  potential  for  structural  flake- 
board, the  size  and  complexity  of  each  market  is 
too  large  to  cover  in  one  paper.  Therefore,  I 
will  concentrate  on  the  new  residential  construc- 
tion market.  Our  cooperators  at  Purdue  Univer- 
sity have  been  investigating  opportunities  in 
the  nonresidential  construction  market  and  will 
discuss  their  major  findings  later  in  the  sym- 
posium. 


Source:  Preliminary  data.  U.S.  Department 

of  Commerce. 

2 

Does  not  include  prefabricated  or  modular 

homes . 


New  residential  housing  demand  will  be  a 
major  factor  in  the  degree  of  success  structural 
flakeboard  will  enjoy  in  the  U.S.  market.  Al- 
though other  construction  markets  may  be  at- 
tractive and  offer  good  opportunities,  the  new 
residential  housing  market  must  be  given  seri- 
ous consideration. 


In  looking  back  five  years,  it  is  easy  to 
see  that  the  housing  market  has  been  highly 
variable  (Table  1) . Fortunes  are  quickly  made 
in  this  market  and,  as  we  saw  in  the  1975 
recession,  they  are  easily  lost. 

Construction  of  single-family  homes,  the 
largest  segment  of  the  market,  has  not  only  re- 
covered from  recession  levels,  but  in  1977  ad- 
vanced beyond  the  1973  level.  Single-family 
home  construction  in  1977  was  near  an  all-time 
record  of  approximately  1.5  million  starts  (4). 


Private  and  public  multi-family  housing 
starts  in  1973  totaled  924,000  units,  just 
slightly  below  the  record  1.1  million  units 
built  the  previous  year  (7).  But  by  1975, 
multi-family  starts  plummeted  to  276,000  starts, 
recovering  to  537,000  units  in  1977.-^ 


Mobile  home  shipments,  the  glamour  segment 
of  the  housing  industry  in  the  early  1970' s, 
were  at  567,000  units  in  1973  (7).  By  1975, 
shipments  had  slid  to  213,000  units,  causing  the 
closing  of  hundreds  of  mobile  home  plants.  The 
mobile  home  industry  has  lagged  behind  the  rest 
of  the  housing  industry  in  its  recovery,  pro- 
ducing only  about  277,000  units  in  1977.^  But 
this  recovery  may  be  better  than  these  figures 
alone  suggest,  because  many  mobile  home  plants 
are  now  producing  modular  homes  as  well  as 
mobile  homes.  Also,  mobile  homes  are  becoming 
larger.  Single-wides  are  on  the  average  be- 
coming larger  each  year  with  14-f oot-wides  now 
being  built  in  almost  every  state.  About  30 
percent  of  all  units  are  double-wides , which 
are  actually  houses — both  in  terms  of  construc- 
tion and  appearance. 


Projections  of  new  residential  housing 
demand  from  1972  to  2020  have  just  been  pub- 
lished by  Marcin  (3) . His  projections  show  a 
continued  strong  demand  for  new  housing  during 
the  next  five  years  followed  by  a slight  decline 
in  1984  and  then  a return  to  construction  ac- 
tivity approximately  at  or  slightly  better  than 
the  levels  posted  in  1977  (Table  2) . These 
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productions  are  based  on  certain  assumptions  of 
population  and  economic  growth  which  will  not  be 
discussed  here.  The  detailed  projections  and 
assumptions  are  available  in  the  published  re- 
port (2)  which  is  available  upon  request  from  the 
Forest  Products  Laboratory. 

The  demand  for  single-family  housing  units 
is  projected  to  be  very  strong  for  the  10-year 
period,  1978-1987.  Approximately  63  percent  of 
all  units  built  during  this  period  will  be  single- 
family units.  Since  single-family  units  tradi- 
tionally require  the  largest  amounts  of  plywood 
sheathing  and  sawn  lumber  materials  per  unit,  this 
is  a very  favorable  market  factor. 

Multi-family  housing  demand  is  projected  to 
average  555,000  units  per  year  for  the  period 
1977-1987.  This  will  be  about  23  percent  of  all 
residential  construction  (Table  2).  The  apart- 
ment construction  activity  of  about  1 million 
units  per  year  that  we  experienced  for  three 
years  in  the  early  1970 's  is  not  likely  to  re- 
occur. In  fact,  the  projections  to  2020  show 
that  demand  at  approximately  one-half  million 
units  per  year  can  be  expected  as  normal.  Thus, 
this  should  not  be  considered  as  a growth  market. 

The  Forest  Service  projections  of  mobile 
home  manufacture  are  similar  to  those  for  apart- 
ments. Their  demand  is  anticipated  to  average 
353,000  units  for  the  period  1977-1987.  (Pro- 
duction may  fluctuate  more  than  conventionally 
built  houses  from  year  to  year  because  this  indus- 
try is  more  sensitive  to  business  cycles  and  it 
can  accumulate  an  inventory  of  houses.)  This  will 
only  be  about  14  percent  of  total  residential 
construction.  However,  many  companies  now  pro- 
ducing mobiles  will  also  be  manufacturing 
modulars  to  help  meet  the  growing  demand  of 
single-family  homes.  Since  mobile  home  manufac- 
turers are  quick  to  use  new  materials  and  tech- 
niques to  cut  their  cost,  they  could  be  a good 
potential  market  for  structural  flakeboard. 

Regional  Housing  Demand 

Much  of  the  anticipated  housing  demand  during 
the  next  decade  will  be  centered  in  the  South 
where  42  percent  of  the  projected  starts  will 
occur  and  the  West  where  25  percent  will  occur 
(Table  2).  These  are  regions  where  our  softwood 
forest  resources  and  industry  are  also  concen- 
trated, but  there  should  be  good  potential  for 
forest  industry  in  the  other  regions.  The  North 
Central  Region  will  have  about  20  percent  of  the 
total  demand,  while  the  Northeast  will  have  the 
remaining  13  percent. 

Housing  Demand  and  Potential  Market  for 
Structural  Flakeboard 

The  housing  demand  projections  discussed 
above,  when  combined  with  floor  decking  and  wall 
and  roof  sheathing  use  factors,  can  be  used  to 
estimate  the  potential  size  of  the  residential 
structural  board  and  siding  market.  The  U.S. 
Forest  Service  has  just  completed  a preliminary 
calculation  of  these  factors  by  region  for  single- 
family housing,  multi-family  housing,  and  mobile 
homes . 

Our  single-  and  multi-family  structural 


board  use  estimates  include  floor  decking  and 
exterior  wall  and  roof  sheathing.  These  esti- 
mates are  based  on  1976  use  and  are  weighted  to 
take  into  account  the  different  amounts  of 
material  used  in  attached  single-family  units 
(such  as  condominiums)  and  detached  single- 
family units. 

Our  mobile  home  board  projections  are  based 
on  a Forest  Service  survey  conducted  in  1975-76 
to  determine  quantities  of  wood  materials  used 
for  floor  and  roof  decking,  wall  sheathing,  and 
siding.  These  preliminary  projections  are  pro- 
bably conservative  due  to  the  trend  in  the 
mobile  home  industry  toward  the  construction  of 
more  double-wide  units  which  use  more  wood  wall 
and  roof  sheathing  materials  than  single-wide 
mobile  homes. 

The  projected  average  annual  demand  for 
floor  decking  and  wall  and  roof  sheathing  in  the 
United  States  is  8,813  million  square  feet 
(3/8-in.  basis)  or  6,610  million  square  feet 
(1/2-in.  basis)  (Table  3).  Projections  of 
siding  use  were  not  included  although  a surface 
finish  can  be  applied  to  structural  flakeboard 
for  entry  into  this  market.  The  total  wood 
siding  market  is  very  difficult  to  project 
because  of  the  many  alternatives  available  from 
plywood,  hardboard,  and  lumber,  as  well  as  from 
nonwood  materials.  However,  if  siding  were  in- 
cluded, the  total  projected  U.S.  market  should 
be  in  the  neighborhood  of  10  billion  square 
feet  (3/8-in  basis)  or  7.5  billion  square  feet 
(1/2-in . basis) . 

Regional  Board  Product  Potential 

Among  the  regions,  the  largest  market  is 
the  South  (Table  3).  However,  the  South  is  a 
large  geographic  area  compared  with  the  North 
Central  and  Northeastern  Regions.  An  average 
single-family  house  in  the  South  contains  fewer 
wood  panel  products  than  houses  elsewhere,  be- 
cause concrete  slab  floor  systems  and  concrete 
block  and  stucco  wall  systems  are  popular  in 
many  of  the  large  markets  in  the  South,  such  as 
Florida  and  Texas. 

In  terms  of  wood  use,  houses  in  the  Western 
Region  of  the  United  States  also  often  have 
characteristics  similar  to  those  in  the  South. 
Large  quantities  of  concrete  products  are  used 
in  many  areas,  especially  in  the  heavily  popu- 
lated areas  in  California  and  Arizona. 

In  the  North  Central  and  Northeastern 
States,  wood  structural  panel  use  per  housing 
unit  (especially  single-family  units  ) has  been 
very  high.  Based  on  this  past  tradition,  the 
projected  use  for  these  regions  shows  the  North 
Central  Region  to  be  a very  good  potential 
market  for  a product  like  structural  flakeboard. 
However,  the  trend  in  the  last  year  in  this  area 
is  toward  the  use  of  insulating  foam  wall 
sheathing  in  place  of  traditional  wood  sheathing 
products.  While  few  data  are  yet  available  to 
document  the  size  of  this  material  use  shift, 
on-site  observations  in  new  housing  developments 
suggest  that  the  impact  on  markets  for  wood  wall 
sheathing  products  could  be  considerable. 

Market  inroads  by  foam  wall  sheathing  could  be 
even  more  significant  if  state  and  federal 
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minimum  insulation  requirements  now  being  consi- 
dered are  passed  into  law. 

One  of  the  standards  now  being  considered  is 
an  R-19  value  for  walls.  (For  more  complete  in- 
formation on  how  to  calculate  resistance  to  the 
flow  of  heat  for  various  wall  constructions,  see 
"How  to  Figure  Heat  Loss  and  Fuel  Cost"  (6).) 
Builders  using  conventional  wall  stud  spacing  and 
wood  sheathing  materials  can  obtain  R value 
ratings  just  under  R-19  fairly  easily.  But  to 
reach  values  a little  higher  with  standard  wood 
frame  and  wall  systems  is  apparently  rather  dif- 
ficult. Builders  currently  advertising  voluntary 
compliance  with  this  standard  apparently  find  that 
the  cheapest  method  of  doing  this  is  with  some 
foam  insulation  board.  Therefore,  while  the  North 
Central  and  Northeastern  housing  markets  cur- 
rently look  strong  based  on  the  intensive  use  of 
structural  wood  panel  products  per  individual 
housing  unit,  our  projections  in  Table  3 could  be 
revised  downward  because  of  a potential  switch  to 
foam  wall  sheathing  materials. 

Canadian  Experience 

Waferboard  is  the  term  used  by  the  Canadian 
government  and  industry  to  describe  their  exterior 
particleboard  intended  for  exterior  sheathing 
uses  (2) . Waferboard  has  been  manufactured  in 
Canada  since  the  beginning  of  the  late  1960's. 

A Canadian  government  study  published  in  1975 
reported  six  plants  either  under  construction  or 
in  production  with  an  estimated  1976  annual 
capacity  of  about  600  million  square  feet  (3/8- 
in.  basis)  (Table  4)  (2). 

During  all  or  most  of  1977,  the  waferboard 
plant  at  Lesser  Slave  Lake  was  not  in  production. 
However,  officials  of  the  Canadian  Department  of 
Industry  , Trade,  and  Commerce,  in  telephone 
conversations  with  the  author,  reported  this 
plant  is  well  maintained  and  capable  of  resuming 
production  on  short  notice. 

Statistics  Canada  reported  that  in  1976,  356 
million  square  feet  (3/8-in.  basis)  of  phenolic- 
bonded  particleboard  was  produced  in  Canada,  of 
which  322  million  square  feet  were  shipped  to 
both  domestic  and  foreign  markets  (5) . Canadian 
government  sources  unofficially  estimate  that 
about  50  percent  of  these  shipments  were  to  U.S. 
markets . 

For  1977,  Statistics  Canada  reported 
phenolic-bonded  particleboard  production  was  409 
million  square  feet  (3/8-in.  basis)  while  ship- 
ments were  434  million  square  feet  (5).  It  was 
unofficially  estimated  that  about  55  percent  of 
these  shipments  or  about  240  million  square  feet 
were  exported.  These  exports  were  most  likely 
to  U.S.  markets. 
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Major  Markets 

Waferboard  in  Canada  is  widely  used  in  resi- 
dential construction  for  sheathing  applications. 

In  single-family  and  low-rise  multi-family 


Based  on  telephone  conversations  with  of- 
ficials of  Canada's  Department  of  Industry,  Trade, 
and  Commerce. 


housing,  it  is  frequently  used  for  exterior  wall 
and  roof  sheathing — generally  replacing  sheathing- 
grade  plywood.  Some  waferboard  Is  also  replacing 
"soft"  wood  fiber  insulation  board  which  is 
currently  used  as  sheathing.  According  to  the 
Canadian  Department  of  Industry,  Trade,  and 
Commerce,  waferboard  is  not  widely  used  for  floor 
decking.  Other  related  residential  uses  are  for 
garden  sheds  and  fencing  privacy  screens. 
Waferboard  is  also  reported  to  be  used  in  mobile 
and  modular  construction  and  in  the  construction 
of  barns  and  other  farm  buildings. 

Waferboard  is  also  used  in  Canada  for 
packaging  and  crating.  This  market  could  be 
very  promising  in  the  United  States,  especially 
in  the  shipment  of  agricultural  products. 

Pricing^ 

Waferboard  in  Canada  is  generally  sold  at 
prices  competitive  with  plywood  which  would  be 
used  for  the  same  purpose.  Because  most  of 
Canada's  larger  markets  are  in  the  East — par- 
ticularly Quebec  and  Ontario — waferboard  has  a 
freight  cost  advantage  over  plywood  which  is 
produced  mostly  in  British  Columbia.  Thus,  the 
delivered  cost  of  waferboard  as  compared  with 
softwood  plywood  is  considered  to  be  a major 
factor  influencing  the  popularity  of  waferboard 
in  Canada . 

3 

Convenience  of  Delivery 

Another  factor  favoring  waferboard  in 
Canada  relative  to  softwood  plywood  is  said  to 
be  rapid  delivery  from  plant  to  construction 
site.  Because  of  the  close  proximity  of  the 
waferboard  plants  to  some  of  the  major  Canadian 
markets,  overnight  truck  delivery  is  said  to  be 
possible . 

U.S.  Situation 

Production 

Structural  board  has  been  commercially  manu- 
factured in  the  United  States  since  the  early 
1970' s.  The  primary  manufacturer  has  been 
Blandin  Wood  Products  Company  of  Grand  Rapids, 
Minn.  The  annual  capacity  of  this  plant  has  been 
estimated  at  several  different  quantities  by  the 
trade  press.  Most  estimates  of  annual  plant 
capacity  are  in  the  range  of  30  to  60  million 
square  feet  (3/4-in.  basis). 

Price  Strategy 

The  question  of  how  a new  product  should  be 
priced  is  always  near  the  top  of  the  list  of 
difficult  decisions  that  must  be  made  by  cor- 
porate leaders.  One  of  the  better  references  on 
the  subject  that  can  be  recommended  is  Dean's 
paper  "Pricing  Policies  for  New  Products"  (1). 

The  article  has  been  widely  referenced  as  one  of 
the  best  commentaries  on  this  very  complex  sub- 
ject. It  was  recently  updated  by  Dr.  Dean  and 
republished  as  a Harvard  Business  Review 
Classic. 

Dean  points  out  that  new  products  can  often 
be  priced  high  when  they  are  first  introduced  to 
the  market  if  they  are  distinctive  from  their 
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competition.  However,  as  competing  manufacturers 
enter  the  market,  it  is  difficult  to  maintain  the 
high  initial  price  strategy.  Furthermore,  Dean 
states : 

The  seller's  zone  of  pricing  discretion  nar- 
rows as  his  distinctive  "specialty"  fades 
into  a pedestrian  "commodity"  which  is  so 
little  differentiated  from  other  products 
that  the  seller  has  limited  independence  in 
pricing,  even  if  rivals  are  few  (1). 

Thus,  it  would  appear  from  these  statements 
and  the  Canadian  experiences  that  structural 
flakeboard  will  have  to  be  priced  competitively 
with  softwood  plywood  (CD  Exterior)  in  order  to 
penetrate  the  major  residential  housing  markets. 
This,  indeed,  appears  to  be  the  current  pricing 
situation  for  Canadian  waferboard  currently  sold 
in  the  United  States.  However,  there  are  no 
specific  data  available  on  waferboard  price  trends 
in  the  United  States. 

Softwood  Plywood  Prices 

Since  structural  flakeboard  will  in  all 
likelihood  be  competing  with  softwood  plywood  at 
least  in  part  on  the  basis  of  price,  it  is  ap- 
propriate to  look  briefly  at  plywood  prices  over 
the  last  10  years.  Prices  of  Douglas-fir  plywood, 
1/2  inch,  standard  exterior  (3-ply)  1,000  square 
feet,  were  quite  variable  during  the  1967-1977 
period — ranging  from  less  than  $60  in  1967  to 
about  $240  this  last  year  (Fig.  1).  Thus,  if 
structural  flakeboard  manufacturers  must  follow 
the  plywood  industry's  price  leadership,  they 
should  be  ready  to  make  rapid  and  frequent  price 
adjustments.  Added  structural  board  capacity  in 
the  United  States  may  serve  to  dampen  these  wide 
price  variations — especially  upward  movement 
during  periods  of  strong  demand  over  a relatively 
short  time  period.  But  this  potential  benefit 
would  be  difficult  to  predict  at  this  time. 

Building  Codes 

Since  Dr.  Jorgensen  will  provide  us  with  the 
details  on  the  status  of  code  acceptance,  I will 
only  say  that  this  is  an  important  factor  in- 
fluencing the  potential  of  structural  flakeboard 
in  most  markets.  Without  proper  code  approval 
or  if  the  status  of  code  approval  is  in  a state 
of  confusion,  the  product  will  be  handicapped 
severely  in  the  marketplace.  Potential  users 
will  simply  not  take  a chance  on  having  problems. 

Favorable  Physical  Characteristics 

Structural  flakeboard  has  characteristics 
that  should  help  it  compete  favorably  with  soft- 
wood plywood.  All  structural  flakeboard  will 
have  a solid  surface.  This  should  help  it  compete 
in  the  floor  decking  market.  Its  relative  stiff- 
ness gives  it  a solid  feel  underfoot  when  used  as 
floor  decking.  This  characteristic  is  also  de- 
sirable in  the  roof  decking  market.  Finally, 
structural  flakeboard  is  a "solid  core"  product. 
This  should  prove  to  be  a good  all-around  advan- 
tage. 

Individual  Panel  Weight 

Structural  flakeboard  panels  will  tend  to 


be  heavier  than  their  plywood  competitors. 

Panels  with  large  ratios  of  hardwood  to  soft- 
wood flakes  will  probably  be  noticeable  to  car- 
penters. Although  this  is  a factor  to  take  into 
consideration,  there  is  no  indication  at  this 
time  that  carpenters  will  not  use  the  material  on 
this  basis.  But,  it  could  cause  some  re-evalua- 
tion of  roof  truss  design. 

Summary  and  Conclusions 

The  projected  strong  demand  for  housing  over 
the  long  run  in  the  United  States  is  an  important 
and  favorable  factor  for  potential  manufacturers 
of  structural  flakeboard.  New  single-family 
housing  is  projected  to  lead  this  demand  trend 
which  will  provide  a good  opportunity  for  struc- 
tural flakeboard  to  share  in  this  large  floor 
decking  and  sheathing  market. 

The  South  and  West  will  be  the  regions 
where  single-family  housing  starts  will  be  larg- 
est and  hence  will  provide  the  largest  floor 
decking  and  sheathing  market.  However,  the 
North  Central  states  will  also  offer  good  market 
opportunities,  perhaps  as  good  as  the  southern 
and  western  regions  considering  the  total  size 
of  each  geographic  area.  An  analysis  of  recent 
floor  decking  and  sheathing  use  data  shows  that 
individual  single-family  housing  units  in  the 
North  Central  and  Northeast  use  much  more  of 
these  materials  per  unit  than  in  other  regions. 
However,  foam  insulation  sheathing  materials  are 
making  a strong  bid  for  the  exterior  wall 
sheathing  markets  in  these  northern  regions. 

Canada  has  been  producing  waferboard  since 
the  late  1960's.  Estimated  total  Canadian 
capacity  is  estimated  at  about  600  million 
square  feet  (3/8-in.  basis).  Most  of  this  plant 
capacity  is  located  in  the  Canadian  Midwest 
relatively  close  to  major  Canadian  and  U.S. 
markets.  Total  Canadian  shipments  of  waferboard 
in  1976  were  322  million  square  feet  and  in 
1977,  434  million  square  feet  (3/8-in.  basis). 

At  least  50  percent  of  these  shipments  were  to 
U.S.  markets.  Waferboard  in  Canada  is  widely 
used  for  wall  and  roof  sheathing  and  to  a lesser 
extent  for  floor  decking  in  both  single-  and 
multi-family  housing.  It  is  generally  priced  to 
be  competitive  with  softwood  plywood. 

The  pricing  strategy  for  structural  flake- 
board in  the  U.S.  market  will  probably  be  that 
prices  be  set  competitive  with  softwood  plywood 
of  similar  grade.  Thus,  production  cost  targets 
should  be  set  as  low  as  possible,  taking  into 
consideration  the  wide  price  variation  of  ply- 
wood over  the  past  10  years. 

Perhaps  the  overriding  factor  in  favor  of 
the  development  of  a structural  flakeboard  in- 
dustry in  the  United  States  is  the  favorable 
outlook  for  the  housing  industry.  It  is  always 
much  easier  to  launch  a new  product  when  the 
market  is  growing  than  when  it  is  in  a downturn 
period.  Thus,  the  timing  may  be  quite  good  to 
begin  the  development  of  the  industry  now. 
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Table  1.  - NEW 

HOUSING  ACTIVITY 

IN  THE  UNITED 

STATES,  1973- 

77 

New  public  and  privately  owned  housing  starts  and  mobile 

home  shipments 

Year 

Total 

all  housing 
types 

Total  single 
and  multi- 

Single- family 
units 

Multi-family 

units 

Mobile  home 
shipments 

(in 

thousands  of 

units) 

1973^ 

2624.4 

2,057.5 

1,133.2 

924.3 

566.9 

1974^ 

1681 . 7 

1,352.4 

889.1 

463.3 

329.3 

1975^ 

1384.1 

1,171.4 

895.5 

275.9 

212.7 

1976^ 

1793.7 

1,547.6 

1,166.4 

381.2 

246.1 

1977^ 

2266.1 

1,989.3 

1,451.9 

537.4 

276.8 

Source:  U.S.  Dept,  of  Commerce.  Bureau  of  Census  1977  (7). 

2 

Source:  By  telephone -- U . S . Dept,  of  Commerce.  Bureau  of  Census. 
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Table  2.--Nuni)er  and  percent  of  new  housing  units  projected  for  the  United  States  by  Census  Region  and  type  of  unit,  1978-87 
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Totals  were  confuted  froni  mromded  figures. 


Table  3. — Average  annual  projected  floor  decking,  wall  and  roof  sheathing 
demand  in  the  United  States  by  region  and  housing  type  for  the 
period  1978-1987. 


Housing  type 

Region 

Total  all  types 

Single  family  units 

Multi-feunily  units 

Mobile 

homes 

(3/8-inch 
basis ) 

(1/2-inch 
basis ) 

(3/8-inch 
basis ) 

(1/2-inch 
basis ) 

(3/8-inch 
basis ) 

(1/2-inch 
basis ) 

(3/8-inch 

basis) 

(1/2-inch 
basis ) 

(In  millions 

of  square  feet) 

Northeast 

1,293 

970 

976 

732 

248 

185 

69 

52 

North  Central 

2,089 

1,567 

1,690 

1,268 

246 

185 

153 

145 

South 

3,403 

2,552 

2,715 

2,036 

342 

257 

346 

260 

We  s t 

2,027 

1,520 

1,542 

1,157 

288 

216 

197 

148 

Total 

8,812 

6,609 

6,923 

5,192 

1,124 

843 

765 

574 

Source:  U.  S.  Forest  Service  preliminary  estimates. 


Table  4.  - CANADIAN  WAFERBOARD  PLANT  CAPACITY,  CORPORATE 
NAME  AND  LOCATION  OF  PLANTS,  1976 


Estimated  plant  capacity 

Company  name 

Location 

(Million  sq.  ft.  3/8-in.  basis) 

100-110 

Alberta  Aspen  Board,  Ltd. 

Lesser  Slave  Lake 
Alberta 

100-110 

Great  Lakes  Paper  Co. 

Thunder  Bay,  Ontario 

120-130 

MacMillan  Bloedel,  Ltd. 

Hudson  Bay,  Saskatchawan 

100-110 

MacMillan  Bloedel,  Ltd. 

Thunder  Bay,  Ontario 

45-50 

Waferboard  Corp.,  Ltd. 

Timmins,  Ontario 

100-110 

Weldwood  of  Canada,  Ltd. 

Longlac,  Ontario 

Source:  Department  of  Industry,  Trade,  and  Commerce  and  Department  of  Regional 

Economic  Expansion  (2). 
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REQUIREMENTS,  CODES,  AND  FOREST  SERVICE  GOALS 


Richard  N.  Jorgensen 
National  Wood  Construction  Specialist 
Cooperative  Forestry 
Alexandria,  Louisiana 


Abstract 

When  the  original  planning  group  was 
established  there  was  only  one  structural 
board  being  produced  in  the  country.  Our 
economists  predicted  growing  and  con- 
tinuing shortages  of  veneers  for  struc- 
tural panels  and  there  were  large  volumes 
of  forest  residues  to  be  used.  Perfor- 
mance criteria  and  goals  were  established 
by  engineering  analysis.  Some  targets 
needed  more  research.  Stronger  and  weaker 
panels  were  meeting  existing  model  code 
and  Commercial  Standard  requirements.  New 
composites  were  also  obtaining  code  ap- 
proval. The  challenge  was  to  produce  from 
forest  residues  the  best  boards  possible, 
designed  to  meet  properties  our  best  en- 
gineering judgement  deemed  would  probably 
and  possibly  serve  structural  end  uses. 

We  feel  the  research  data  you  will  hear 
about  will  provide  a basis  for  producers 
to  manufacture  boards  from  residues  to 
meet  model  code  acceptance  standards. 


To  put  the  research  results  you  will 
be  hearing  about  later  in  this  symposium 
into  perspective,  I must  go  back  to  the 
inauguration  of  the  Task  Force  and  de- 
scribe its  development  in  relation  to  my 
topic.  What  was  the  status  quo  of 
structural  particleboard  back  in  June 
1972  when  the  original  Close  Timber 
Utilization  Report  was  approved?  It  was 
something  like  this : 

1.  There  was  almost  universal  code 
acceptance  of  phenolic  particleboards, 
some  with  overlayments , for  exterior 
siding.  These  were  not  structural  boards 
but  their  good  record  in  exposure  situa- 
tions showed  a phenolic  board  would  stand 
up. 

2.  There  was  FHA  and  ICBO  acceptance 
of  a planer  shaving  board  made  on  the  west 
coast.  Approval  was  for  thickness  equal 
to  plywood  only  for  flooring.  The  wall 
and  roof  sheathing  thicknesses  required 
severely  limited  its  use  because  of  the 
extra  weight  involved. 

3.  No  other  structural  boards  were 
being  produced  in  the  United  States  but 
both  waferboard  and  veneered  particle- 
board were  about  to  appear  on  the  market 
from  domestic  factories. 

4.  Waferboard  had  been  on  the  market 
in  Canada  for  over  five  years  and  was 
supplying  a surprisingly  large  percentage 


of  the  sheathing  market  there  after  that 
short  time.  It  was  FHA  approved  for  roof 
and  wall  sheathing  in  the  same  thicknesses 
as  used  in  Canada. 

5.  The  seventh  Particleboard  Sym- 
posium was  about  to  be  held  at  Washington 
State  University  where  several  engineers 
would  discuss  their  approaches  to  basic 
engineering  factors  involved  in  the  use  of 
particleboard  as  a structural  material. 

Also  at  that  time  our  economists 
encouraged  the  development  of  structural 
particleboard  and  our  resource  people 
confirmed  a growing  and  continuing  shor- 
tage of  veneers  over  the  long-time  pic- 
ture, with  no  slacking  of  housing  and 
other  construction  requiring  panels.  We 
knew  we  had  much  standing  and  down  forest 
residues  and  competent  scientists  to 
cover  all  aspects  of  the  development  of 
structural  boards  from  forest  residues  so 
the  Chief  of  the  Forest  Service  appointed 
a planning  group  in  February  1973  and 
our  effort  was  underway. 

The  first  collaborative  work  of  the 
group  was  the  development  of  a Program 
Evaluation  Review  Technique  chart.  A 
PERT  chart  is  a management  technique  to 
control  large,  complex  projects  and  in 
our  case  held  dates  and  responsibilities 
for  each  step  of  the  envisioned  five  year 
plan.  The  schedule  was  adhered  to  and 
this  seminar  is  being  held  only  two 
months  after  the  PERT  chart  calls  for  the 
technology  transfer.  Although  modified 
somewhat  over  the  years  it  was  an  ex- 
cellent control  tool. 

Two  critical  paths  were  involved;  the 
development  of  panels,  and  a residue 
resource  review  and  recovery  strategy. 
Along  the  panel  development  control  path 
the  first  item  allowed  two  months  for  the 
formulation  of  performance  goals.  With- 
out a dated  literature  review,  what  were 
some  of  the  general  aspects  to  consider 
in  this  formulation?  We  could  see  that: 

1.  One  material,  plywood,  was  al- 
ready serving  in  the  capacity  visualized 
for  structural  particleboard  and  its 
physical  and  mechanical  properties 
provided  an  indication  of  the  type  of 
material  which  could  do  the  job  involved. 
However,  it  was  realized  there  were  cer- 
tain limitations  on  the  production  of 
boards  from  residues  and  it  would 
probably  be  impossible  to  duplicate  com- 
pletely the  properties  of  plywood. 

2.  Waferboard,  less  stiff  and  less 
strong  than  plywood,  was  performing 
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Up  to  40  Ib./cu.ft. 


satisfactorily  in  Canada  and  was  FUA  ap- 
proved . 

3.  A Commercial  Standard  was,  and 
still  is,  in  existence  describing  a 
phenolic  board  which  could  be  used  for 
structural  pruposes  but  no  code  body  had 
approved  such  a board  in  equivalent  thick- 
nesses to  plywood. 

4.  The  major  model  codes  all  had 
floor,  wall  and  roof  strength  and  stiff- 
ness requirements  which  would  have  to  be 
met  by  a marketable  product.  This  was  a 
doubly  restrictive  condition  in  that  it 
affected  both  the  physical  and  the 
mechanical  properties  and  held  a still 
unanswered  question  as  to  what  the  build- 
ing industry  would  accept  in  a panel 
product.  It  was  also  probably  the  most 
important  consideration  since  we  knew 
that  without  code  approvals  the  product 
would  never  be  able  to  be  widely  used. 

We  viewed  the  challenge  as  one  that 
required  we  produce  the  best  boards  pos- 
sible, not  necessarily  equal  in  all 
properties  to  plywood,  but  sufficiently 
designed  to  meet  properties  the  best  en- 
gineering judgement  of  the  day  could  give 
us  about  a product  that  possibly  and 
probably  could  and  would  serve  the  same 
end  uses. 

So  a group  of  our  engineers  developed 
performance  criteria  for  six  major 
properties.  Each  area  included  state-of- 
the-art  proposals  based  on  past  research 
results,  recommended  design  and  analysis 
methods  and  recommendations  for  future 
research  where  deemed  necessary.  Items 
such  as  safety  factors  as  an  engineering 
judgement  and  load  duration  factors  which 
would  be  determined  by  future  research 
were  necessarily  part  of  these  calcula- 
tions. The  performance  goals  set  up  for 
the  Task  Force  as  a result  of  these 
studies  were  as  follows: 


Modulus  of  Elasticity 

800,000  psi 

Near  Minimum  Modulus 
of  Rupture 
[5%  Exclusion  Level) 

4500  psi 

Internal  Bond 

Dry-70  psi 
After  D1037-30  psi 

Linear  Expansion 
30-901  RH 

4 X 8,  4 X 9-0.251 
Over  9'  - 0.201 

Thickness  Swell 
30-901  RH 

8.0% 

Lateral  Racking 

FHA  Tech.  Circular 
No.  12 

Time  Dependent 
Deflection 

Research  Needed 

Direct  Nail  With- 
drawal (All  nails 
driven  dry) 

Dry-40# 

24  Hour  soak-25# 
After  D1037  Acc. 
Expos.  - 20# 

Density 

Impact  National  Housing 

Agency  Performance 
Standards  until 
further  research 
done . 

Fire  and  Smoke  NFPA  Life  Safety 

Code 

These  are  the  targets  we  have  been 
aiming  at.  How  close  we  have  come  will 
be  reported  in  detail  as  the  seminar 
continues . 

Meanwhile,  the  plywood  shortage  oc- 
curring in  late  1972  and  early  1973,  at 
the  time  these  goals  were  being  devel- 
oped, led  to  an  increased  market  for 
waferboard  on  the  east  coast  and  par- 
ticularly in  the  state  of  New  Jersey. 

In  late  1972  the  New  Jersey  State 
Building  Code  approved  the  use  of  Cana- 
dian waferboard  for  sheathing  in  thick- 
ness dimensions  equivalent  to  those  in 
use  in  Canada  and  equivalent  to  the  FHA 
approval  memorandum.  Many  carloads  of 
the  material  were  brought  into  the  state 
and  were  widely  used  by  both  large  and 
small  builders.  As  plywood  production 
began  to  catch  up  with  the  shortage, 
the  supply  and  the  price  differentials 
between  the  two  disappeared  and  some 
builders  went  back  to  plywood  while 
others  continued  to  use  the  waferboard. 
Waferboard  continued  to  be  used  under 
the  FHA  Memorandum  Approval  until  1975 
when  a formal  Materials  Release  was 
issued. 

Also  during  this  five  year  period 
west  coast  model  code  approval  was  ob- 
tained for  both  oriented  particleboard 
and  veneer-faced  oriented  particle  core- 
board. The  properties  of  both  these 
boards  are  considerably  higher  than 
possible  with  a standard  random  particle- 
board and  close  to  those  of  plywood.  The 
veneer  faced  board  has  since  then  been 
approved  by  other  model  code  bodies. 

Encouraged  by  the  east  coast  accep- 
tance of  waferboard,  the  Canadian 
producers  applied  for  approval  to  the 
Building  Officials  and  Code  Administra- 
tors International,  the  Southern  Building 
Code  Congress,  and  to  the  International 
Conference  of  Building  Officials  and  as 
of  this  date  have  received  appropriate 
approval  from  each  of  these  model  codes. 

A U.S.  produced  waferboard  is  also  ap- 
proved by  BOCA.  These  boards  are  ap- 
proved for  roof  sheathing  at  3/8"  on  16" 
O.C.  rafters  and  7/16"  on  24"  O.C. 
rafters  and  as  wall  sheathing  5/16"  on 
16"  O.C.  studs  and  3/8"  or  7/16"  on  24" 
O.C.  studs  without  corner  bracing.  These 
boards  conform  to  type  and  grade  2B2  of 
CS236-66  which  calls  for  minimum  averages 
for  Modulus  of  Rupture  of  2500  and 
Modulus  of  Elasticity  of  450,000.  Actual 
production  boards  usually  run  about 
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600,000  Modulus  of  Elasticity.  A satis- 
factory service  record  of  the  waferboard 
in  Canada  and  in  the  United  States  has 
helped  gain  approval  of  this  board. 

The  regulatory  community  and  a 
growing  segment  of  the  market  place  have 
then,  five  years  after  the  Task  Force 
establishment,  accepted  boards  with 
properties  exceeding  the  original  goals 
of  the  Force  and  boards  considerably 
lower  than  those  goals.  With  100  percent 
accurate  hindsight  it  appears  now,  five 
years  later,  that  the  Task  Force  got  off 
to  a good  start  in  its  direction.  The 
scientists  will  explain  in  detail  how 
their  results  have  satisfied  the  goals 
set  for  them  and  the  new  developments 
which  were  indirect  ramifications  of 
attempts  to  meet  those  goals. 

Since  we  now  have  nationwide  model 
code  acceptance  and  widespread  local  code 
acceptance  of  boards  for  roof  and  wall 
sheathing  which  are  considerably  less 
stiff  and  less  strong  than  those  develope 
by  this  Task  Force,  we  are  confident  that 
research  data  that  you  will  hear  about  at 
this  seminar  will  provide  a basis  for 
producers  to  manufacture  boards  from 
residues  to  meet  model  code  acceptance 
standards.  The  engineering  data  used  in 
formulation  of  the  goals  included  use  as 
floor  panels.  When  you  hear  the  accom- 
plishments of  our  scientists  you  can  form 
your  own  opinions  on  floor  panel  applica- 
tions. -i^t  this  time  we  are  doing  and 
supporting  further  work  on  other  uses  for 
the  types  of  boards  made  from  residues. 
Some  of  their  characteristics  certainly 
make  it  seem  possible  that  there  will  be 
expanded  uses  in  the  future  for  these 
types  of  engineered  panels. 


FIBER  FOR  STRUCTURAL  FLAKEBOARD- -MECHANI ZED  THINNING 
AND  TOPWOOD  RECOVERY 

R.A.  Arola 
Project  Leader 

North  Central  Forest  Experiment  Station 
U.S.  Dept,  of  Agriculture- -Forest  Service 
Houghton,  Michigan 


Abstract 

Case  studies  in  mechanized  thinning 
of  pole-sized  hardwoods  by  the  Forest 
Service's  engineering  research  project 
at  Houghton,  Michigan,  have  demonstrated 
that  significant  amounts  of  thinnings  can 
be  recovered  economically  by  a completely 
mechanized  system  and  still  improve  the 
residual  stand  quality  and  growth.  Ad- 
ditionally, an  experimental  topwood 
processor  has  shown  considerable  promise 
in  recovering  massive  hardwood  tops  and 
limbs.  A new  chipping  machine  was  de- 
veloped that  turns  residue  into  particles 
suitable  for  subsequent  ring  flaking  and 
use  as  structural  flakeboard  furnish. 

Introduction 


In  1973  the  Forest  Service  organized 
the  Close  Timber  Utilization  (CTU)  pro- 
gram to  improve  forest  utilization  and 
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development  are  exciting  since  exterior 
grade  structural  plywood,  which  normally 
requires  straight,  high  quality,  peeler 
bolts,  could  be  replaced  by  an  engineered 
flakeboard  made  from  logging  waste,  small 
diameter  or  crooked  materials.  Addi- 
tionally, the  benefits  derived  from  ex- 
tending quality  timber  supplies  are 
equally  exciting.  Three  broad  problems 
need  solutions:  1)  the  development  of 

flakeboard  performance  requirements; 

2)  development  of  methods  for  harvesting, 
processing,  and  transporting  forest 
residues;  and  3)  development  and  evalua- 
tion of  structural  board  from  residue- 
derived  flakes. 

The  Forest  Engineering  Laboratory, 
located  in  Houghton,  Michigan,  which  con- 
ducts research  to  promote  more  efficient 
mechanization  of  forestry  operations  in 
the  North  Central  States,  was  charged  with 
two  principal  tasks  in  this  forest  resi- 
dues to  flakeboard  program.  The  first 
was  to  identify  and  assess  those  wasted 


residues  which  could  furnish  significant 
fiber  for  structural  flakeboard  and  to 
conduct  research  on  new  systems  and  equip- 
ment concepts  to  permit  economical  re- 
covery of  these  residues.  The  second 
mission  was  to  develop  a machine  capable 
of  field  chipping  typical  residues  and 
small  diameter  trees  for  transport  to  a 
mill  and  conversion  into  flakes  for  flake- 
board . 

Two  high-volume  residues  were  chosen: 

1)  thinnings  from  pole-sized  northern  hard- 
wood stands,  and  2)  tops  and  limbs  from 
conventional  hardwood  sawlog  operations. 
The  foresection  of  this  paper  presents 
the  results  of  research  to  recover  these 
two  problem  forest  residues.  The  second 
section  discusses  the  development  of  an 
experimental  spiral-head  chipper  to  render 
these  forest  residues  into  particles 
suitable  for  ring  flaking. 

Mechanized  Thinning  of  Pole-Size 
Northern  Hardwoods 

The  Forest  Service's  "Outlook  for 
Timber"  report  (14)  details  the  supply/ 
demand  forecasts  for  hardwoods  as  well  as 
the  general  condition  and  quality  of  our 
hardwood  forests.  The  projected  demand 
for  hardwood  to  year  2000  is  expected  to 
increase  more  than  two-fold,  to  reach  7 
billion  cubic  feet.  Of  this,  19  billion 
board  feet  is  the  expected  demand  for 
hardwood  sawtimber.  A direct  comparison 
of  supply/demand  statistics  could  yield 
misleading  conclusions.  The  fact  is, 
although  we  are  currently  growing  more 
hardwood  volume  than  is  being  harvested, 
there  is  a definite  decline  in  the 
quality  of  hardwoods.  Much  of  the  hard- 
wood growth  and  available  supply  is  in 
small  trees  or  species  with  limited  mar- 
kets; large  trees  of  preferred  species 
are  in  short  supply  in  most  hardwood  areas. 
Problems  of  supply  are  compounded  by  a 
declining  land  base  caused  by  increasing 
public  pressures  for  agriculture,  recrea- 
tion, wilderness,  and  wildlife. 

In  the  Northeastern  United  States 
there  are  approximately  32  million  acres 
of  the  maple-beech-birch  forest  type, 
approximately  9 percent  of  the  eastern 
forest  land  area  (10).  In  the  Lake 
States  area  of  Michigan,  Wisconsin,  and 
Minnesota,  approximately  23  million  acres 
out  of  about  50  million  acres  of  commer- 
cial timberland  are  classified  as  pole- 
timber  (table  1).  Much  of  this  pole- 
timber  currently  needs  thinning.  Addi- 
tionally, over  14  million  acres  of 
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Table  1.  ~ LAKE  STATES  COMMERCIAL  TIMBERLAND.  (14) 
(Millions  of  acres) 


State 

All 

classes 

Poletimber 

Seedlings  and 
saplings 

Michigan 

18.8 

8.1 

5.5 

Wisconsin 

14.5 

6.6 

4.5 

Minnesota 

16.9 

8.4 

4.2 

Total 

50.2 

23.1 

14.2 

Percent 

100 

46 

28 

Table  2.  - STOCK  AND  STAND  TABLE  (PER  ACRE)  FOR  ENTIRE 
50  ACRES  BEFORE  THINNING  (2) 


D.b.h. 

( inches ) 

Sugar  maple 

Red  maple 

Trees 

Volume 

Volume 
(25  percent 
of  trees) 

T rees 

Volume 

Volume 
(55  percent 
of  trees) 

No. 

Cords 

Bd.  ft. 

No . 

Cords 

Bd.  ft. 

5-  9 

35.32 

1.65 

83.72 

4.08 

10-14 

13.17 

1 .07 

295 

34.54 

3.42 

384 

15-19 

4.46 

0.06 

707 

1.62 

0.08 

204 

20  + 

0.55 

125 

0.10 

23 

Total 

53.50 

2 . 78 

1,127 

119.98 

7 . 58 

611 

D.b.h. 

(inches) 

Other  species'^ 

Total 

Trees 

Volume 

Volume 
(20  percent 
of  trees) 

Trees 

Basal 

area 

Volume 

Volume 

No. 

Cords 

Bd.  ft. 

No. 

ft' 

Cords 

Bd.  ft. 

5-  9 

17.55 

1.16 

-- 

136.59 

37.49 

6.89 

■-- 

10-14 

21.38 

1 . 68 

485 

69.09 

45.55 

6.17 

1 ,164 

15-19 

3.42 

0.29 

383 

9.50 

14.63 

0.43 

1,294 

20  + 

0.32 

b6 

0.97 

2.29 

214 

Total 

42.67 

3.13 

934 

216.15 

99.96 

13.49 

2,672 

^In  the  western  Upper  Peninsula  of  Michigan  these  second  growth  hardwood  stands 
are  primarily  composed  of  sugar  maple  (Acer  saccharum) , red  maple  (Acer  rubrum) , 
and  yellow  birch  (Betula  alleghaniensisj^  There  are  lesser  amounts  ol^  black 
ash  (Fraximus  nigra)  , American  elm  (Ulmus  americana)  , black  cherry  (Prunus 
serotina) , hemlock  (Tsuga  canadensis)  , balsam  fir  CAbies  balsamea) , and  red  oak 
(QuercuF  rubra) . The  maplFj  oak , bTrch , and  cherry  are  valuable  commercial 
species  commanding  a high  price  when  saw  log  size. 
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seedlings  and  saplings  will  need  future 
thinning.  Crowding  becomes  serious, 
long  rotations  are  frequently  required 
to  produce  merchantable  timber,  and  stag- 
nation may  occur  on  poor  sites  resulting 
in  a deficient,  unmerchantable  stand. 
Further,  many  trees  are  sprouts  and  are 
of  poor  form,  forked,  short,  and  gene- 
rally worthless  as  sawtimber  if  left  to 
mature.  Limited  acreages  of  these  stands 
are  actually  thinned  each  year  to  promote 
quality  growth.  Trees  felled  in  thinning 
are  traditionally  left  in  the  forest  to 
decay.  This  thinning  practice,  although 
it  ultimately  improves  the  stand,  yields 
no  immediate  net  return  to  the  landowner. 
It  is  but  a direct  outlay  of  capital. 

A concerted  effort  is  needed  to  im- 
prove the  quality  and  quantity  of  hard- 
wood stands--a  dedicated  program  of 
thinning  of  pole-size  hardwoods  for 
timber  stand  improvement  (TSI).  How- 
ever, the  major  hurdles  to  dedicated  TSI 
are  economics  and  markets. 


2,700  board  feet  of  small  sawlogs  per 
acre  (Table  2) . Initial  basal  area  was 
about  100  square  feet  per  acre  in  trees 
6 inches  d.b.h.  or  larger.  Although 
tree  diameters  ranged  from  less  than 
2 inches  d.b.h.  to  28  inches,  average 
tree  diameter  was  slightly  less  than  6 
inches.  The  stand,  which  was  equally  bi- 
sected by  an  existing  woods  road  requiring 
improvement,  was  further  divided  into  ten 
5-acre  plots  measuring  330  feet  wide  by 
660  feet  deep.  Landings  were  located  at 
each  end  of  the  woods  haul  road  bisecting 
the  stand. 


Five  thinning  treatments,  four  fully 
mechanized,  were  tried  with  two  replica- 
tions per  treatment.  The  mechanized  treat- 
ments were:  1)  strip  thin  only;  2)  strip 

thin  with  selection  thin  between  strips; 

3)  selection  thin  only;  and  4)  a shelter- 
wood  cut.  The  base  treatment  was  a con- 
ventional chain  saw  TSI  cut  where  the 
felled  trees  were  left  on  the  forest 
floor  (f ig . IB) . 


Selective  chain  saw  thinning,  be- 
sides being  wasteful,  is  very  labor  in- 
tensive and  costly.  Typical  costs  for 
chain  saw  thinning  in  Michigan  range  from 
$25  to  $35  per  acre.  The  practice  of  TSI 
in  northern  hardwoods  must  be  transformed 
from  a labor  intensive,  costly,  and 
wasteful  practice  into  a completely 
mechanized  system  geared  to  profitable 
recovery  of  thinnings. 

Mechanized  Thinning  Case  Study 

The  North  Central  Forest  Experiment 
Station's  Forest  Engineering  Laboratory, 
in  cooperation  with  the  Michigan  Depart- 
ment of  Natural  Resources,  investigated 
the  productivity  and  economics  of 
mechanically  thinning  northern  hardwoods. 
A poletimber  stand  in  Ontonagon  County, 
Michigan,  was  thinned  during  the  fall  of 
1974  (2).  The  study  objective  was  to 
demonstrate  the  commercial  viability  of 
mechanized  TSI  whereby  the  thinned 
products  from  second- growth , northern 
hardwood  pole  stands  are  recovered  at  a 
profit.  Although  the  recovered  thin- 
nings from  the  case  study  were  converted 
to  pulp  chips  because  a market  existed, 
such  thinnings  could  as  well  be  converted 
to  a product  form  more  suitable  as  fur- 
nish for  structural  flakeboard.  Conven- 
tional pulp  chips  are  not  suitable  for 
flaking.  Production  of  a "fingerling" 
particle  which  can  be  ring  flaked  will 
be  discussed  later. 

Stand  Description  and  Thinning 

Treatment 

A 50-acre  stand  of  mixed  species, 
predominantly  pole  size , on  essentially 
level  terrain  with  well  drained,  sandy 
loam  was  selected  in  the  Mishwabic  State 
Forest  in  Michigan's  Upper  Peninsula 
(fig.  lA) . A preliminary  survey  indi- 
cated 13  cords  of  hardwood  pulpwood  and 


The  stand  was  thinned  to  a residual 
target  basal  area  of  65  square  feet  with 
the  exception  of  the  shelterwood  cut 
which  was  cut  to  a 70  percent  crown  cover. 
In  shelterwood  cutting  the  purpose  of  the 
first  thinning  cut  is  to  remove  a certain 
portion  of  the  overstory  to  open  up  the 
stand  but  still  leave  a residual  over- 
story to  provide  seed  and  shelter  for 
establishment  of  new  growth. 

Equipment 

Conventional  equipment  was  used  to 
thin  the  test  tract.  The  three  major 
pieces  of  harvest  equipment  used  were: 

1)  a John  Deere  544  feller  buncher  with 
a Rome  accumulator  shear  (fig.  1C); 

2)  a Clark  Ranger  667  grapple  skidder;  ^ 
and  3)  a Trelan  D-60  whole-tree  chipper. 

Productivity 

Of  the  test  treatments,  strip  thin- 
ning with  selective  thinning  in  the  leave 
strip  (fig. 2)  proved  most  promising  be- 
cause it  produced  the  most  chippable  wood, 
was  the  easiest  to  do  in  terms  of  men  and 
machines,  caused  the  least  damage  to  the 
residual  stand,  and  left  the  residual 
stand  esthetically  pleasing.  The  second 
favored  study  treatment  was  the  sheltered 
cut  (fig.  ID).  The  total  yield  of  chips 
and  sawlogs  on  the  nominal  40  acres 
mechanically  thinned  was  1829  green  tons 
(table  3).  The  majority  was  in  material 
converted  to  chips.  Approximately  3 per- 
cent of  the  total  recovered  tonnage  was 
sorted  out  at  the  woods  landing  as  saw- 


Mention  of  trade  names  are  for  con- 
venience and  do  not  constitute  the  en- 
dorsement of  products  by  the  U.S.  Govern- 
ment . 
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Table  3.  — MATERIAL  RECOVERED  TOOM  MECHANIZED 
HARDWOOD  THINNING.i'  U) 


Treatment 
and  size  (acres) 

Chips 

removed 

Saw  logs 
removed 

Total 

removed 

Tons  per  acre 

Stems  per  acre 

' tons 

bd.  ft. 

tons 

Strip  (10.5) 

342 

2,760 

359 

34.2 

186.2 

Shelterwood  (9.6) 

470 

2,670 

486 

50.6 

255.0 

Selective  (9.5) 

444 

1,380 

453 

47.7 

219.2 

Strip  with 

selective  (9.5) 

513 

2,830 

531 

55.9 

263.9 

Total 

1.769 

9,640 

1,829 

Average 

46.8 

230.0 

1_/  All  tonnages  are  green  weight. 


Table  A.  ~ BREAKDOWN  OF  1974  MECHANIZED  THINNING 
COSTS  (1) 

(Dollars/Green  ton)i/ 


Item 

Equipment 

Labor 

Total 

Percent 
of  total 

Feller-buncher 

1.13 

.68 

1.81 

21 

Skidder 

.94 

.68 

1.62 

19 

Chipper 

1.29 

.68 

1.97 

22 

Chain  saw 

.03 

.27 

.30 

3 

Maintenance  and 
fuel  truck 

.06 

.41 

.47 

5 

Chip  van 

.48 

.31 

.79 

9 

Highway  truck 

1.40 

.31 

1.71 

20 

Landing  truck 

.04 

.07 

.11 

1 

Total 

5.37 

3.41 

8.78 

100 

\J  Average  of  all 

thinning 

treatments 

on  40  acres 

. Table  5 . TWO- 

-YEAR  DIAMETER  GROWTH 

FOLLOWING 

MECHANIZED  THINNING 

Species 

: Strip  : 
: only  : 

Strip 
w/ select. 

: Select. 

: only 

: Shelterwood 

Sugar  Maple 

0.150 

0.062  0.100 

0.220 

Red  Maple 

.164 

.200 

.178 

.244 

Black  Cherry 

- 

.267 

.400 

.200 

Red  Oak 

.200 

- 

1.100 

.600 

Hemlock 

.100 

- 

- 

.100 

_1/  First  retally  of  4 

selected  compartments 

t 
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logs.  The  average  yield  per  acre  was 
46.8  green  tons  from  230  stems.  The 
strip  with  selective  thinning  between 
strips  averaged  55.9  tons  per  acre  from 
264  stems.  Hourly  productivity  ranged 
between  13  to  26  green  tons  per  hour  and 
averaged  17  tons  per  hour. 

For  the  various  thinning  treatments 
under  which  the  feller  buncher  with  ac- 
cumulating shearhead  operated,  the  stem 
productivity  ranged  between  2.7  to  2.9 
stems  per  cycle  which  did  not  make  up  a 
skidder  load.  The  stems  per  skidder  load 
generally  ranged  between  9 to  11  trees 
which  in  turn  ranged  in  weight  between 
1.7  to  2.6  green  tons.  Total  skid  time 
varied  between  6 to  11  minutes  including 
delays.  The  average  number  of  stems  per 
vanload  was  116  stems  which  took  84 
minutes  to  chip  conventionally  and  fill 
a 20-ton  van. 

The  schematic  of  figure  2A  shows  why 
the  strip  with  selection  system  was  pre- 
ferred. Initially  the  feller  buncher 
starts  cutting  a 10-foot  wide  strip 
laying  all  shear  accumulator  bunches  to 
the  right.  At  the  end  of  each  strip  (10 
chains  in  this  case)  the  operator  begins 
to  work  the  unthinned  leave  strip  to  his 
left  and  selectively  thins  up  to  where 
the  next  strip  will  begin  (70  feet  in 
this  study) . The  trees  removed  from  the 
selectively  thinned  area  are  bunched  in 
the  previously  cut  strip.  This  procedure 
minimizes  damage  to  the  residual  stand 
and  also  concentrates  all  of  the  cut 
material  either  in  the  cut  strip  or  ad- 
jacent to  it.  After  finishing  the 
selective  thinning  in  the  leave  strip, 
the  feller  buncher  operator  repeats  the 
process  by  moving  the  leave  strip  dis- 
tance to  the  left  and  begins  a new  strip, 
again  laying  bunches  to  the  right  and 
into  the  thinned  area  he  just  finished 
cutting.  Progressing  in  this  manner, 
interference  between  the  felling  and 
bunching  and  the  skidding  operation  is 
avoided.  Since  all  material  is  concen- 
trated in  or  adjacent  to  a strip,  the 
skidder  operator  can  easily  follow  the 
cutting  pattern  without  making  skid  route 
decisions . 

Production  costs 

The  total  1974  purchase  price  of  the 
equipment  was  about  $219,000.  Hourly 
operating  cost,  including  depreciation, 
interest,  taxes,  licenses,  oil,  gas,  and 
other  miscellaneous  costs  was  $92.61. 
Wages  and  overhead  for  the  5-man  crew  was 
an  additional  $35.25  per  hour  , making  a 
total  hourly  operating  cost  of  $127.86 
for  labor  and  equipment  if  all  the  equip- 
ment was  operating  at  the  same  time. 

This  was  never  the  case  because  equipment 
such  as  spare  vans  and  yard  tractor  only 
operated  part  of  the  day.  An  analysis  of 
labor  and  equipment  costs  in  dollars  per 
ton,  excluding  stumpage,  marking,  and 


site  preparation  costs,  yielded  a total 
production  cost  of  $8.78  per  ton  of  green 
chips  (Table  4) . Sixty-two  percent  of  the 
cost  was  attributed  to  the  felling, 
skidding,  and  chipping,  while  30  percent 
was  associated  with  trucking. 

A break-even  analysis  was  made  for 
the  entire  operation  (fig.  3).  The  fixed 
thinning  cost  was  $593  per  day  to  cover 
labor,  depreciation,  interest,  insurance, 
taxes,  licenses,  plus  other  miscellaneous 
fixed  costs.  The  hourly  equipment 
operating  cost  was  $36.77.  Using  the 
average  productivity  of  17  tons  per  hour 
and  an  actual  revenue  at  the  time  of  the 
study  of  $11.85  per  green  ton  of  chips 
delivered  to  the  mill,  break-even  was 
reached  after  approximately  3-1/2  hours 
of  operation.  The  break-even  chart 
clearly  justifies  working  a full  8-hour 
day  to  maximize  profits. 

The  tabulation  on  page  18  reflects 
total  stump-to-miil  jobber  costs  which 
include  both  nonproduction  and  production 
costs.  These  costs,  which  do  not  include 
a margin  for  profit,  represent  1974  study 
costs  plus  estimated  1977  costs. 

In  1974  dollars  with  a jobber  cost 
of  $9.60  per  delivered  green  ton  and  an 
actual  revenue  of  $11.85  per  green  ton, 
the  profit  margin  was  $2.25  per  green 
ton.  The  per  acre  profit  using  the 
average  yield  of  44.9  green  tons  per  acre 
for  strip  with  selective  thinning  was 
$125.78.  Compare  this  to  the  direct  cost 
of  selective  chain  saw  thinning  on  the 
control  plot  of  $33.52  per  acre  with  no 
product  recovery. 

Damage 

Since  northern  hardwoods  are  very 
susceptible  to  decay,  it  is  essential 
that  the  residual  trees  are  not  so 
severely  injured  that  they  will  become 
worthless.  Therefore,  apparent  stand 
damage  was  recorded  (2). 

Mechanized  thinning  injuries  oc- 
curred more  frequently  than  in  previously 
reported  chain  saw  thinning  studies. 
However,  it  is  expected  that  most  in- 
juries are  relatively  minor.  Many  of  the 
damaged  trees  can  be  removed  at  the  time 
of  thinning  or  in  future  thinnings  and 
according  to  previous  studies,  before 
significant  volume  or  value  losses  occur 
in  these  young,  vigorous  stands  (8). 

Many  of  the  damaged  trees  occurred 
adjacent  to  the  strips  and  on  the  pivot 
trees  where  the  strip  meets  the  woods 
haul  road.  Conceivably,  high  residual 
stumps  could  be  left  as  bumpers  for 
future  thinnings.  As  operators  become 
more  proficient  at  mechanized  thinning 
and  as  systems  improve,  tree  injuries  will 
lessen . 

Two  full  growing  seasons  after  har- 
vesting, the  site  was  re-examined  for 
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PRODUCTION 

Harvest 

Transport 


Thinning  costs , dollars  per  green  ton 
1974  case  study  1977  estimate 

6.18  7.42 

2.60  3.12 


NONPRODUCTION 

Stumpage 

Marking 

Roads  and  landings 
TOTAL 


early  effects  of  logging  damage  on 
regeneration  and  individual  tree  growth. 
Although  the  area  had  been  extremely  dry 
both  growing  seasons,  which  likely  had 
some  adverse  effect  on  regeneration  and 
establishment  of  seedlings,  sprout  growth 
was  unaffected.  Seedlings  of  all  species 
were  not  as  abundant  as  expected  but  seed 
production  was  felt  sufficient  to  re- 
generate desirable  tree  species.  The 
presence  of  stump  sprouts  may  present 
future  problems. 

Trunks  of  trees  that  had  suffered 
bark  wounds  showed  callous  growth  de- 
veloping. Many  showed  vertical  spread 
from  the  initial  wound  under  the  bark 
and  deeper  wood  discoloration  than  ex- 
pected. However,  it  appears  too  early 
to  conclusively  evaluate  wound  severity. 

Growth 

Individual  tree  growth  after  two 
years  was  checked  (Table  5).  Overall, 
northern  red  oak  grew  best  (one  tree 
grew  1.1  inches),  followed  by  black 
cherry,  red  maple,  sugar  maple,  yellow 
birch,  and  hemlock.  Although  not  con- 
clusive because  of  small  sample  size  and 
observations  from  only  two  growing 
seasons,  shelterwood  appeared  to  have 
the  most  overall  diameter  growth,  fol- 
lowed by  strip  with  selection,  selection 
only,  and  strip  only.  Despite  the  un- 
usually dry  conditions  for  two  seasons, 
the  stand  appears  healthy  and  responding 
to  thinning.  The  shelterwood  site  as  it 
existed  in  August  1977,  three  growing 
seasons  after  harvesting,  looks  pleasing 
(fig.  ID).  Fertilization  of  thinned 
stands  during  or  after  mechanical 
thinning  may  increase  growth  (13). 

Topwood  Recovery 
Hardwood  Residues  Case  Study 

To  establish  the  potential  for  re- 
covery of  tops  and  limbs,  an  assessment 
of  these  residues  was  made  following 
commercial  improvement  cuts  on  a northern 
timber  sale  (9).  Measurements  on  1-acre 
circular  plots  revealed  that  close  to 
half  of  the  above-ground  portion  of  the 
hardwood  trees  was  left  in  the  woods 
following  logging- -tops  and  limbs 
amounted  to  41  percent  for  sawtimber 
trees  and  49  percent  for  poletimber  trees. 


.50 

.60 

.10 

.12 

.22 

. 26 

9.60  11.52 


Other  residues,  such  as  cull  sec- 
tions, unmerchantable  trees  felled  for 
stand  improvement  but  left  behind  in 
their  entirety,  and  trees  knocked  over 
or  broken  during  logging,  were  also 
categorized  by  size  and  weight.  Ap- 
proximately 85  percent  of  the  total 
residues  found  were  attributed  to  saw- 
timber  and  poletimber;  the  remainder 
was  in  knocked-over  or  no-product  trees 
(fig.  4A) . Considering  material  only 
3 inches  in  diameter  and  larger,  the 
combined  sawtimber  and  poletimber  cate- 
gories accounted  for  80  percent  of  the 
plot  residues  (fig.  4B) . Approximately 
55  percent  of  the  top  and  limb  residue 
in  both  sawtimber  and  poletimber  trees 
was  greater  than  3 inches  in  diameter 
(fig.  4C,  4D) . The  total  of  all  residue 
classes  was  close  to  18  green  tons  per 
acre.  About  10  green  tons  per  acre  of 
material  was  greater  than  3 inches  in 
diameter . 

Top  and  limb  residue  in  sawtimber 
trees  amounted  to  almost  47  green  pounds 
for  every  cubic  foot  of  product  removed 
and  close  to  65  pounds  of  residue  per 
cubic  foot  of  product  removed  in  pole- 
timber.  The  average  green  weight  per  tree 
in  tops  and  limbs  was  about  1500  pounds 
in  sawtimber  and  480  pounds  in  poletimber. 
A separate  study  related  the  residue 
weight  for  sugar  maple  sawtimber  trees 
over  a range  of  tree  diameters  (fig.  5) 
(12). 

It  appears  too  costly  to  post-log 
to  recover  only  the  straight  shortwood 
sections  by  cutting  and  gathering  at  the 
stump  and  then  forwarding.  Recovery  of 
entire  tops  with  limbs  intact  is  a pos- 
sible approach  but  may  likely  be  un- 
acceptable because  of  root  and  bole  damage 
to  the  residual  stand  (3,11).  This  damage 
may  be  especially  severe  if  recovery  is 
during  the  summer  months  when  bark  is 
loose.  Damage  may  be  significantly  less 
if  recovery  of  entire  tops  is  during  the 
dormant  months  when ‘bark  is  tight. 

Testing  of  a Prototype  Topwood  Harvester 

Forest  engineering  research  in  the 
North  Central  States  has  developed  a 
unique  concept  to  recover  tops  and  limbs 
from  hardwood  sawlog  operations.  The 
concept  developed  is  to  render  large  hard- 
wood tops  (fig.  6A)  into  a compacted  form 


18 


more  suitable  for  grapple  skidding  (fig. 
6B) . To  prepare  tops  in  this  fashion, 
an  experimental  topwood  harvester  em- 
ploying a small,  highly  maneuverable, 
hydraulically  actuated  shear  was  designed 
and  specially  mounted  on  a knuckle  boom 
of  a carrier  vehicle.  The  specially 
designed  mounting  device  is  a principal 
feature  because  the  shear  assembly  can  be 
rotated  to  practically  any  orientation. 
This  maneuverability  makes  it  possible 
to  sever  the  large  protruding  limbs  and 
align  them  with  the  butt  of  the  main  stem 
of  the  top.  Once  all  large  limbs  are 
severed  and  aligned,  the  compacted  top  is 
ready  for  forwarding  to  a woods  landing. 

The  study  objectives  were  to: 

1)  evaluate  a completely  mechanized  sys- 
tem for  recovering  hardwood  tops  and 
limbs  (fig.  7);  2)  test  the  capabilities 
of  the  prototype  topwood  harvester; 

3)  evaluate  residual  stand  damage;  and 

4)  determine  production  volumes  and  costs 
associated  with  topwood  harvesting  in  a 
selectively  logged  northern  hardwood 
forest . 

At  the  time  of  this  writing,  the 
topwood  harvesting  study  is  in  the  final 
stages  of  completion.  Therefore,  all 
data  and  results  presented  are  pre- 
liminary. Future  publications  will  re- 
port the  final  study  results  and  data 
in  detail. 

The  study  area  contained  21  acres 
and  is  located  at  Michigan  Techno- 
logical University's  Ford  Forestry  Center 
about  10  miles  south  of  L'Anse,  Michigan. 
A pre-harvest  inventory  indicated  a 
volume  of  7 thousand  board  feet  (Net 
Scribner)  and  6 cords  of  hardwood  per 
acre.  The  soil  is  a well  drained,  coarse, 
gravelly  loam.  The  tract  is  on  level 
terrain  traversed  by  an  all  weather  road. 
Previous  selective  logging  was  conducted 
in  1938  and  1967.  The  1977  estimated 
harvest  is  1800  board  feet  and  5 tons  of 
hardwood  pulpwood  per  acre.  Although 
very  little  topwood  volume  was  utilized 
during  the  conventional  sawlog  harvest, 

107  tons  of  hardwood  pulpwood  was  later 
removed  from  the  residual  tops  before 
recovery  of  tops.  Had  that  portion  been 
left  with  the  original  tops,  an  addition- 
al 5.1  tons  per  acre  would  have  been  re- 
covered during  topwood  removal,  thus 
making  the  economics  of  topwood  recovery 
more  attractive.  This  especially  ap- 
plies to  the  well  managed  test  stand-- 
sawlog  volumes  were  high  and  topwood 
volumes  low  (Table  6) . 

The  prototype  shear  assembly  was 
capable  of  severing  and  bunching  hard- 
wood limbs  up  to  12  inches  in  diameter. 

The  carrier  vehicle,  a Gafner  4000  series 
mini-skidder , had  a rear-mounted  boom  to 
which  the  shear  was  attached  by  a highly 
flexible  coupling  mechanism  (fig.  8). 

The  skidder  was  specially  outfitted  with 
a sophisticated  remote  control  hydraulic 


system  which  incorporated  all  operational 
functions  into  two  "joystick"  control 
devices  plus  one  foot  pedal.  With 
operator  experience,  this  control  system 
should  allow  fast  and  efficient  operation. 
The  prime  mover  was  not  selected  on  the 
basis  that  it  was  an  ideal  machine,  but 
because  of  its  availability.^  This  ex- 
perimental harvester  was  used  to  cut  and 
bunch  only  large  tops.  The  operator 
skipped  small  tops  not  having  large  pro- 
truding limbs.  It  was  felt  the  small 
tops  would  not  create  objectionable 
residual  stand  damage  during  forwarding. 


Following  cutting  and  bunching,  the 
tops  were  skidded  by  a Clark  Ranger  667GS 
grapple  skidder  to  a Morbark  Model  22 
Whole  Tree  Chipper  (fig.  7).  All  re- 
covered tops  were  chipped  and  blown  into 
two  large  piles,  one  of  which  had  esti- 
mated cubic  foot  top  volumes  for  all 
chipped  tops  in  that  pile.  It  was  this 
pile  that  was  weighted.  A chain  saw 
operator  was  located  at  the  landing  to 
sever  any  remaining  large  limbs  which 
still  hindered  the  chipping  operation. 

The  number  of  chain  saw  cuts  were  re- 
corded. A detailed  time  study  was  con- 
ducted on  topwood  processing,  skidding 
and  chipping  operations  to  establish 
performance  and  operating  costs. 


Results  of  Topwood  Harvesting 

The  prototype  topwood  harvester  was 
used  to  cut  and  bunch  115  tops  (table  7, 
fig  9).  Additionally,  40  tops  were 
passed  over  by  the  operator  because  it  was 
felt  they  were  too  small  to  require 
processing.  Of  the  115  processed  tops, 
the  extent  of  processing  ranged  from 
bunching  only  (no  cuts)  to  a maximum  of 
7 cuts  per  top  with  a mean  of  2.3  cuts 
per  top.  If  all  155  tops  were  considered 
as  processed,  the  average  cuts  per  top 
are  reduced  to  1.7.  Diameters  of  cut 
limbs  ranged  from  2 to  11  inches  with  an 
average  of  6.3  inches  (fig.  10).  The 
average  time  to  process  the  tops  was 
about  4 minutes  without  delay  and 
slightly  under  6 minutes  per  top  with 
delays  (table  8) . 

The  topwood  harvester  delays  include: 
1)  unavoidable  delays,  such  as  operator 
decision-making  prior  to  processing, 
cutting  saplings  which  impeded  topwood 
processing,  and  repositioning  of  moving 
limbs  to  improve  accessibility  to  com- 
plete a top;  2)  mechanical  delays  although 
normally  included  in  the  production 
figures  as  unavoidable,  were  listed 
separately  because  "prototype  debugging" 
delays  would  normally  be  eliminated  in  a 
production  machine- -these  delays  typically 


2 

Memorandum  of  understanding  between 
Gafner  Machine,  Inc.  and  North  Central 
Forest  Experiment  Station,  USDA,  April 
30,  1976. 
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Table  6. 


TOPWOOD  HARVESTING  PRODUCT  INFORMATION 


Number  of  sawlogs  removed 
Cross  board  feet  removed  (Scribner) 
Net  Board  Feet  removed  (Scribner) 
D.b.h,  of  trees  (Inches) 

Height  of  trees  (feet) 

Crown  width  (feet) 

Crown  length  (feet) 

Diameter  of  butt  end  of  residual  top 
Top  weight  (tons) 

Hardwood  pulpwood  removedl^ (tons) 
Total  tops^^ 


Study  plot  averages  Per  acre 

20.6 

2,087 

1,924 

17.7 

76 

23 

37 

(in.)  12.1 

.7  7.33 

5.1 
14.5 


JL/  Pulpwood  was  removed  prior  to  topwood  recovery. 

_2/  Includes  processed,  unprocessed  and  tops  not  recovered  (lost  in 
deep  snow) , 


Table  7 — SUMMARY  OF  TOPWOOD  HARVESTER  DATA 


Processed 

Skipped 

Total  tops 

115 

40 

D.b.h.  of  trees  (inches) 

18.7 

13.2 

Height  of  trees  (feet) 

79 

68 

Top  width  (feet) 

27 

17 

Top  length  (feet) 

37 

37 

D.o.b.  of  butt  end  (inches) 

13.4 

9.1 

1/ 

Relative  volume— 

3 

1 

1^/  Relative  volume  of  processed  was  approximately  three 
times  greater  than  the  unprocessed  tops. 


Table  8.  — BREAKDOWN  OF  AVERAGE  PROCESSING 
TIME  PER  TOP 
(minutes ) 


Time  per  top  (without  delay — 100%  utilization)  4.1 


Unavoidable  delay  .2 
Mechanical  problems  .8 
Avoidable  delay  .6 

Total  time  per  top  5.7 
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included  problems  with  the  controls, 
shear  blades,  and  oil  leaks  from  loose 
or  poorly  protected  fittings;  and 
3)  avoidable  delays  related  to  the  prime 
mover,  such  as  lifting  and  lowering 
stabilizer  pads  and  climbing  in  and  out 
of  the  two  seats  which  was  required  for 
operation  of  this  particular  machine. 

A more  desirable  machine  would  eliminate 
these  delays.  Lunch  and  breaks  are  not 
included  in  the  reported  delays. 

Since  all  of  the  chips  have  not 
been  hauled  and  weighed  at  the  time  of 
this  writing,  the  data  reported  are  based 
on  a preliminary  study  estimate  of  0.7 
green  tons  per  top.  These  data  may  re- 
quire future  moderate  adjustments  after 
all  recovered  chips  are  weighed  and 
correlated  to  number  of  tops. 

Topwood  harvester  productivity  was 
only  10.2  tons  per  hour  (without  delays), 
whereas  the  number  of  tops  processed  to 
produce  this  amount  was  quite  high  at 
14.6  (table  9).  Previous  studies  (9) 
have  shown  that  in  similar  stands  where 
prior  product  utilization  was  not  so  high, 
nearly  half  of  the  weight  of  harvested 
trees  was  left  in  the  woods.  If  the  107 
tons  of  pulpwood  were  not  removed  prior 
to  topwood  recovery,  the  topwood  har- 
vester would  have  processed  about  15.3 
tons  per  hour. 

Excluding  all  delays  , the  topwood 
processing  cost  was  $2.25  per  green  ton 
($1.58  per  top)  (table  9).  Had  the 
average  5.1  tons  of  previously  recovered 
pulpwood  been  left  with  the  original 
tops,  the  estimated  costs  associated  with 
cutting  and  bunching  would  decrease  from 
$2.25  to  $1.51  per  green  ton. 

The  above  figures  include  no  delays  . 
A 20  percent  decrease  in  productivity 
resulted  when  including  only  the  un- 
avoidable delays  defined  earlier.  Also, 
productivity  is  expected  to  increase  as 
the  operator  develops  more  skill  and 
confidence  in  processing  tops  in  this 
manner  and  becomes  more  familiar  with 
the  "joystick"  control  system.  A general 
observation  was  that  the  operator  should 
process  the  tops  much  more  aggressively, 
and  mentally  plan  his  processing  approach 
before  proceeding.  In  this  study  the 
operator  lost  time  due  to  "wrong"  deci- 
sions in  cutting  and  positioning  of 
1 imbs . 

Skidding  costs  were  higher  than 
anticipated  (table  9).  Based  on  a 1700- 
feet  round  trip  skid  distance  and  average 
payload  of  0.84  tons  per  grapple  load  the 
cost  of  skidding  was  $4.38  per  green  ton 
(without  delays).  (Compare  this  average 
skid  load  to  the  thinning  study  previ- 
ously described  where  9 to  11  pole-sized 
whole  trees  made  up  a skidder  load  and 
ranged  in  weight  from  1.7  to  2.6  green 
tons.)  As  suggested  earlier,  had  the 
sections  previously  removed  as  pulpwood 


been  left  with  the  original  tops,  the 
estimated  skidding  costs  were  calculated 
to  decrease  to  $2.92  per  green  ton. 
Skidding  and  chipping  was  done  in  mid- 
winter under  severe  conditions.  Many  tops 
were  nearly  completely  covered  by  deep 
snow  and  the  skidder  had  difficulty  main- 
taining traction.  Some  tops  were  frozen 
to  the  ground  and  needed  to  be  broken 
free.  It  is  believed  that  an  increase  in 
productivity  of  at  least  10  to  20  per- 
cent could  have  been  realized  had  better 
conditions  existed. 

Chipper  utilization  was  very  low 
because  only  one  skidder  was  used. 

Actual  chipping  productivity  was  less  than 
5 tons  per  hour  (includes  all  delays) 
(table  9).  At  100  percent  utilization, 
the  chipper  productivity  was  17.5  green 
tons  per  hour  which  yielded  a cost  of 
$2.57  per  green  ton.  The  productivity 
and  cost  data  of  table  9 clearly  show 
the  need  to  keep  the  chipper  supplied 
with  material. 

There  was  still  a need  to  sever  some 
limbs  or  stubs  which  would  not  feed 
into  the  chipper.  Of  the  220  tops 
chipped,  160  of  them  required  at  least 
one  chain  saw  cut.  Many  of  the  tops 
which  had  been  pre-cut  by  the  topwood 
harvester  had  short  stubs  protruding 
which  restricted  proper  feeding  and  had 
to  be  removed.  This  function  was  not 
time  consuming  but  necessary- -the  chain 
saw  cost  was  $.18  per  ton.  An  improved 
topwood  processor  design  may  permit 
removal  of  limbs  closer  to  the  main  stem 
and  eliminate  the  short  stubs.  The 
weakest  link  in  the  operation  was  skid- 
ding. The  chipper  averaged  one  ton  of 
material  in  3.4  minutes  compared  to 
skidding  the  same  ton  in  8.1  minutes 
(table  10) . 

In  comparing  cost,  the  topwood 
harvester  was  the  least  expensive,  pro- 
cessing at  the  100  percent  utilization 
rate  of  $2.25  per  ton.  Total  harvesting, 
excluding  trucking,  amounted  to  $9.38 
per  green  ton  (table  9) . This  cost  is 
estimated  at  $6.32  per  green  ton  had  the 
pulpwood  been  left  with  the  tops  as 
previously  suggested. 

Following  the  conventional  selective 
sawlog  harvest  a post-logging  damage 
assessment  was  made  on  several  1/5-acre 
circular  inventory  plots.  All  felling 
and  skidding  damage  associated  with  the 
original  selective  logging  was  identified 
and  marked.  Following  topwood  harvesting 
all  new  damage  was  also  recorded.  At  this 
time,  the  assessment  of  damage  to  the 
residual  stand  has  not  been  completed  but 
will  be  reported  on  in  the  final  publica- 
tion describing  this  research.  However, 
a brief  inspection  of  the  residual  stand 
shows  relatively  minor  damage.  This  was 
perhaps  one  benefit  of  the  deep  snow  which 
acted  as  a cushion.  Also  a benefit  was 
the  season  of  the  year;  in  winter  the 
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bark  is  tight. 

Topwood  Recovery  Observations  and 

Recommendations 

Critical  evaluation  of  this  one-of- 
a-kind  study  permitted  identification  of 
various  problems  that  could  be  eliminated 
by  better  planning  of  future  systems  to 
increase  system  efficiency. 

Most  sawtimber  operations  leave 
behind  large  tops  from  which  no  pulpwood 
sticks  have  been  removed.  This  seems 
desirable  because  the  main  stem  of  the 
top  can  be  more  easily  fed  into  the  chip- 
per throat.  This  reduces  the  processing 
time  per  top,  even  though  more  tonnage 
is  chipped.  The  feed  rolls  have  diffi- 
culty engaging  a branch  top  that  has  no 
main  stem. 

Even  though  processed  tops  were  more 
compact,  they  were  still  difficult  to 
skid.  For  the  particular  skidder  used, 
in  some  instances  it  was  much  easier  to 
skid  uncut  tops  than  cut  tops  because 
some  pieces  had  a tendency  to  slip  out 
of  the  grapple  when  the  load  shifted. 

A skidder  with  a constant  pressure  grapple 
may  lessen  this  problem.  A grapple 
skidder  with  a cable  system  for 
tightening  the  grapple  load  seems  a 
better  choice.  Future  studies  might  com- 
pare choker  skidding  with  grapple  skid- 
ding including  the  combination  of  grapple 
with  internal  cable. 

When  skidding  small  tops  (such  as 
those  in  this  study  which  averaged  about 
0.7  tons  per  top)  two  small  skidders 
with  a payload  capacity  of  about  1 ton 
may  be  a better  choice  (skidding  with  a 
single  skidder  limits  productivity). 

For  this  study,  a chainsaw  operator 
was  stationed  at  the  chipper  at  all  times 
to  make  any  necessary  cuts  on  the  tops  so 
they  could  be  chipped.  Since  this  oper- 
ator was  utilized  only  12.5  percent  of 
the  time,  it  might  have  been  just  as 
effective  to  have  the  chipper  operator 
do  his  own  chainsaw  work.  Or,  another 
approach  is  to  replace  the  conventional 
chipper  grapple  with  the  type  of  grapple 
design  which  incorporates  a hydraulically 
actuated  chainsaw  built  within  the  grapple 
and  controlled  by  the  chipper  operator. 

The  chipper  used  in  the  study  had  a 
grapple  with  large  teeth  welded  to  its 
outer  edges.  This  enabled  the  operator 
to  place  the  closed  grapple  within  limb 
junctures,  and  upon  opening,  the  grapple 
would  split  the  two  limbs.  This  innova- 
tive grapple  modification  functioned  very 
well  for  this  purpose. 

With  time  study  data  obtained  from 
this  study,  plus  use  of  an  existing  top- 
wood  harvesting  computer  simulation  model, 
various  alternatives  will  be  tried  on  the 
computer,  including  more  realistic  skid 
distances . 


Development  of  a Spiral-head  Chipper 
The  "Fingerling"  Concept 

An  early  concept  developed  at  the 
Forest  Products  Laboratory,  Madison, 
Wisconsin,  formed  the  basic  guidelines 
of  what  intermediate  product  form  forest 
residues  should  be  reduced  to  (6)  (7). 

This  idealized  concept  was  to  produce 
particles  of  elongated  dimensions  in  the 
fiber  direct  ion- - approximately  2-1/2  to 
3-inches  long  with  a nominal  cross- 
section  of  1-inch  by  1-inch.  These 
idealized  particles,  termed  "fingerlings ," 
would  then  be  ring  flaked  to  a thickness 
of  approximately  0.015  to  0.02  inch. 

These  long,  thin  flakes  were  believed  to 
be  ideal  for  producing  either  an  aligned 
or  randomly  oriented  flakeboard.  The 
flake  aligned  boards  would  have  superior 
strength  properties  in  the  direction  of 
alignment.  The  aligned  flakeboards  would 
then  be  alternately  layered,  as  veneer 
sheets  are  in  plywood,  to  produce  an 
engineered  flakeboard  having  desired 
strength  properties  and  characteristics. 

The  task  assigned  to  the  Forest 
Engineering  Laboratory  in  Houghton, 
Michigan,  was  to  develop  a concept  for 
a woods -portable  machine  which  would 
render  small-sized  forest  residues  into 
"fingerling"  particles  (fig.  11).  In- 
woods fingerling  production  was  deemed 
essential  because  of  the  high  cost  and 
problems  associated  with  handling  and 
transporting  small  diameter  and  crooked 
residue  materials.  The  more  homogeneous 
fingerlings  are  much  easier  to  handle  and 
transport  in  bulk. 

The  failure  of  conventional  chippers 
to  produce  particles  having  the  desired 
fingerling  geometry  make  them  unsuitable. 
Also,  a review  of  current  wood  cutting 
mechanisms  did  not  reveal  how  the 
idealized  fingerling  particles  could  be 
produced.  It  was  therefore  apparent  that 
a completely  new  chipping  concept  was 
needed.  The  resultant  mechanism  was  a 
very  novel  spiral  screw-type  cutterhead 
mounted  on  a rotary  shaft.  A simple 
laboratory  machine,  which  we  appropriately 
called  a spiral-  or  helical-head  chipper, 
was  designed,  built,  and  tested  (fig.  12). 
(4)  (5) . This  novel,  spiral-head  chipper 
is  available  for  non-exclusive  licensing 
from  the  U.S.  Government  (1). 

Testing  of  the  Spiral-Head  Chipper 

The  prototype  spiral-head  chipper  was 
laboratory  tested  for  fingerling  particle 
production  from  several  different  small 
diameter  Lake  States  and  Intermountain 
species.  The  experimental  machine  was 
designed  to  chip  material  to  about  5 
inches  in  diameter.  Evaluations  included 
overall  cutter  performance,  power  re- 
quirements for  spiral-head  chipping,  and 
size  analysis  of  the  resultant  particles. 

Initial  tests  revealed  this 
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continuously  engaged  chipper  produced  95 
percent  or  more  of  the  particles  to  the 
desired  length  set  by  the  cutter  (fig. 
13).  However,  since  many  of  the  cut 
pieces  were  much  larger  than  the  target 
1-inch  by  1-inch  cross-section,  a means 
was  needed  to  reduce  these  oversize 
chunks  to  the  desired  fingerling  size. 
This  problem  was  solved  by  single-pass 
feeding  of  the  oversize  material  through 
a conventional  hammermill  with  all  grates 
removed  (fig.  14) . 


The  resultant  fingerlings  were 
flaked  at  the  Madison  Forest  Products 
Lab  in  a Model  PZ-8  Pallman  ring  flaker. 
Even  though  the  fingerlings  still  had 
considerable  cross-section  variability, 
they  did  orient  themselves  in  the  ring 
flaker  so  that  the  knives  cut  in  a plane 
parallel  to  the  wood  grain.  (The 
performance  of  ring  flakes  made  from 
spiral-head  chipper  fingerlings  is  dis- 
cussed in  a separate  paper  on  flakeboard 
furnish . ) 


The  power  requirement  for  spiral- 
head  chipping  was  determined  (table  11) 
by  strain  gaging  the  shaft  on  which  the 
removable  cutter  was  mounted  (fig.  15). 
Based  on  prior  crosscut  shearing  and 
chipping  research  conducted  at  the  Forest 
Engineering  Laboratory,  the  power  require- 
ments are  related  to  the  specific  gravity 
of  the  wood,  and  horsepower  requirements 
can  be  estimated  for  other  species. 


Because  of  the  complexity  of 
fabricating  the  early  cutter  heads,  cer- 
tain imperfections  resulted  which  likely 
added  to  the  basic  power  requirements. 

In  spite  of  such  fabrication  imperfec- 
tions, the  power  requirements  for  pro- 
ducing the  fingerling  particles  are  not 
unreasonably  high,  but  certainly  higher 
than  producing  conventional  wood  chips. 
The  spiral-head  chipper  operates  without 
the  benefit  of  a large  flywheel,  as  do 
conventional  disc  chippers,  and  at  a 
much  slower  speed.  Additionally,  because 
of  the  basic  cutter  head  design,  two  to 
three  segments  of  the  spiral  cutter  are 
engaged  in  the  sample  at  one  time.  All 
these  factors  add  to  the  frictional 
forces  involved  and  total  power  required. 


Based  on  removal  of  2-1/2- inch 
fingerling  particles  the  theoretical  rate 
of  production  of  spiral-head  chipping 
naturally  increases  with  increases  in  log 
diameter  and  cutter  head  rpm  (table  12). 
Although  the  laboratory  spiral-head 
chipper  was  operated  at  only  a nominal 
150  rpm,  it  is  expected  that  production 
units  would  operate  at  a rotary  speed 
two  to  three  times  this  rate. 


Comments  on  Spiral  Cutterhead  Fabrication 

Since  this  spiral  cutter  is  unique, 
methods  of  fabrication  are  not  estab- 
lished. Several  cutters  were  made  with 
each  subsequent  cutter  showing  improved 


quality  and  ease  of  fabrication.  To 
withstand  the  cutting  forces  the  spiral 
cutting  head  must  be  made  with  an  alloy 
steel  that  can  be  hardened  to  at  least 
45  Rockwell  C.  Although  several  steel 
types  are  suitable,  our  first  spiral 
cutter  was  made  with  boralloy  (Paper 
Calmenson  8 Co.,  St.  Paul,  MN)  which 
gave  adequate  hardness.  However,  heat 
treating  and  postwelding  exaggerated  the 
original  plate  warpage  when  the  spiral 
flights  were  formed.  Later  cutters  were 
designed  with  the  original  plate  stock 
surface  ground,  welded  to  a removable 
sleeve  with  preheating,  and  the  entire 
assembly  heat  treated  to  the  required 
hardness.  This  procedure  reduced  warpage. 

Our  original  spiral  cutter  was 
mounted  on  the  shaft  by  progressively 
tack  welding  with  the  aid  of  pre-cut 
spacers  of  fingerling  length.  Each 
spacer  was  progressively  longer  than  the 
previous  one  so  as  to  produce  a cutter 
having  a continuously  increasing  pitch 
starting  from  the  front  of  the  cutter 
head.  Failure  to  provide  increasing 
pitch  causes  the  fingerlings  to  pack  in 
the  flights  until  later  cuts  eventually 
force  them  out.  Flight  packing  is  un- 
desirable since  it  increases  friction 
thereby  increasing  horsepower  require- 
ments. Ideally,  the  particles  are 
cleared  as  soon  as  they  are  severed. 

After  only  limited  operation  of  the 
spiral-head  cutter  with  the  blade  tack 
welded,  failure  resulted.  Following  spot 
weld  failure,  the  blades  were  then  con- 
tinuously welded  to  the  shaft  which 
caused  excessive  warpage.  Although  the 
continuous  weld  resulted  in  longer  cutter- 
head  life,  even  they  eventually  failed 
and  needed  to  be  spot  repaired. 

Although  suitable  for  a laboratory 
machine,  it  was  recognized  that  for 
a woods -portable  machine  it  would  not  be 
practical  to  mount  the  blade  permanently 
to  the  drive  shaft.  Thus,  a more 
practical  cutter  head  design  resulted 
which  had  the  spiral  blade  mounted  on  a 
removable  collar.  The  collar  was 
fabricated  with  a spiral  slot  less  than 
the  collar  thickness,  and  the  blade 
mounted  by  essentially  screwing  it  onto 
the  collar  and  then  tack  welded.  This 
produced  a much  better  quality  cutter  head 
but  is  still  not  the  ultimate  answer  to 
spiral-head  chipper  fabrication. 

A second  prototype  spiral-head  chip- 
per is  now  being  designed  which  will 
include  an  improved  spiral  cutter  that  is 
easier  to  fabricate  and  mount.  Addi- 
tionally, the  new  design  will  include  a 
means  to  remove  by  force  the  severed 
particles  as  they  are  formed.  A low- 
friction  anvil  will  be  incorporated  into 
the  design  to  reduce  power  requirements. 
Cutter  speed  will  be  increased  over  the 
initial  prototype  as  well  as  diameter  of 
material  to  be  chipped.  Future  plans  are 
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Table  9.  - PRODUCTIVITY  AND  COSTS  FOR  HARVESTING  OF 


HARDWOOD 

SAWLOG  TOPS  AND  LIMBS 

Productivity 

Study  Costs 

Ext . 

Costs^ 

Equipment 

Tops/hour 

Green  tons/hour 

$/green  ton 

$/green  ton 

Topwood  Processor^ 

14.6^  (10.5)^ 

10.2  (7.4) 

2.25  (3.11) 

1.51 

(2.09) 

Skidder^ ’ ^ 

8.9  (6.7) 

6.3  (4.8) 

4.38  (5.74) 

2.92 

(3.83) 

Chipper^ 

25.0  ( 6.1) 

17.5  (4.3) 

2.57(10.46) 

1.71 

(7.01) 

Chainsaw 

-- 

0.18 

0.18 

Total 

9.38 

6.32 

^Assumed  topwood  harvester  cost  of  $45,000  ($23. 04/hr.) 

^Skidder  cost  of  $65,000  ($27. 57/hr.) 

3 

Based  on  average  skid  distance  (round  trip)  of  1700  feet  (830  feet  in-woods  and 
870  feet  on  skid  road) . 

^Chipper  cost  of  $133,000  ($44. 98/hr.) 

^At  100%  utilization 

^Includes  all  delays 

7 

Estimated  costs  data  assumes  previously  recovered  pulpwood  are  recovered  with  the 
topwood. 


Table  10.  — TOPWOOD  PROCESSING  TIMES 
(minutes / ton) 


No  delays 

With  all  1 

Topwood  harvester 

5.9 

8.1 

Skidder 

8.1 

10,6 

Chipper 

3.4 

14.0 

Table  11  - POWER  REQUIREMENTS  FOR  PRODUCING  FINGERLING 
CHIPS  WITH  THE  U.S.  FOREST  SERVICE  SPIRAL-HEAD  CHIPPER 


Species 

Samples 

Range 

Specific  Power 

(number) 

( spec . 

■ gr.) 

(HP-min/FC-^  ) 

Aspen 

8 

0 . 343 

- 0.377 

5.2 

Basswood 

7 

0.278 

- 0.318 

5.2 

Douglas-f ir 

1 

- 

8 . 1 

Lodgepole  pine 

12 

0.413 

- 0.466 

8.7 

Larch 

8 

0.492 

- 0.515 

9.2 

Red  oak 

6 

0.510 

- 0.549 

9.3 

White  birch 

14 

- 

9.6 

Red  maple 

5 

- 

9.8 

Sugar  maple 

3 

0.618 

- 0.658 

15.1 
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Table  12  - FINGERLING  PRODUCTION  BY  OPERATING  SPEED 
AND  LOG  DIAMETER 


Cutter  Head  RPM 

Log  Diameter 

300 

350 

400 

( Inch) 
4 

5.5 

(Cubic  Feet/Min) 
6.5 

7.5 

6 

12.0 

14.0 

16.0 

8 

21.5 

25.0 

28.5 

10 

34.0 

40.0 

46.0 

to  have  this  improved  design  built  and 
tested . 

Summary  and  Conclusions 

Two  primary  sources  of  underutilized 
North  Central  States  forest  resources 
have  the  potential  to  provide  substantial 
amounts  of  fiber  for  structural  flake- 
board:  thinning  from  northern  hardwoods 

and  sawlog  tops  and  limbs.  By  conven- 
tional practices,  both  are  normally  left 
in  the  woods  to  rot.  These  wasteful 
practices  and  unsightly  residues  must  be 
eliminated.  The  traditional  reason  for 
leaving  this  material  behind  has  been 
the  questionable  economics  related  to 
harvest  and  transport  of  thinnings  plus 
tops  and  1 imbs . 

Forest  Engineering  Research  at 
Houghton,  Michigan,  has  demonstrated  that 
mechanized  thinning  of  pole-sized 
northern  hardwood  can  be  an  effective 
means  of  timber  stand  improvement  and 
permit  recovery  of  the  thinned  products 
at  a profit.  Test  trials  with  mechanized 
thinning  recovered  approximately  50  green 
tons  per  acre  of  whole-tree  chips  at  a 
profit  margin  of  $125  per  acre.  Conven- 
tional chainsaw  thinning  in  Michigan 
typically  costs  $25  to  $35  per  acre  and 
the  felled  trees  are  left  on  the  forest 
floor  to  rot. 

Case  studies  in  residue  assessment 
of  hardwood  sawlog  tops  and  limbs  re- 
vealed that  about  half  of  the  tree  is  left 
in  the  woods  after  sawlog  removal. 

About  55  percent  is  greater  than  3 inches 
in  diameter.  Total  residue  (all  sizes) 
amounted  to  an  average  of  18  green  tons 
per  acre.  Material  greater  than  3 inches 
in  diameter  was  about  10  green  tons  per 
acre . 

Massive  hardwood  sawlog  tops,  if  for- 
warded from  stump  to  landing  intact,  would 
likely  cause  excessive  damage  to  the 
residual  stand- -especially  during  the 
growing  season.  A concept  developed  by 
the  Houghton  laboratory  is  to  snip  the 
large  protruding  limbs  with  a highly 
maneuverable , hydraulically-actuated 
shear,  and  then  align  the  severed  limbs 
with  the  main  stem  of  the  top.  Although 


results  are  preliminary,  testing  of  a 
prototype  topwood  processor  to  prepare 
large  tops  in  compacted  form  for  grapple 
skidding  to  woods  landing  has  shown 
considerable  promise. 

Residue  tops  from  a conventional 
selective  sawlog  harvest  were  harvested 
for  slightly  under  $9.50  per  green  ton 
converted  to  conventional  chips,  ex- 
cluding transportation.  It  is  expected 
that  as  equipment  and  techniques -- in- 
cluding operator  skill--are  improved, 
topwood  recovery  will  become  economically 
more  attractive. 

Because  of  existing  markets,  the 
system  discussed  for  recovering  hardwood 
thinnings  and  topwood  include  converting 
the  product  to  conventional  pulpwood 
chips.  However,  conventional  chips  are 
unsuitable  for  structural  flakeboard 
because  of  the  inferior  flakes  produced 
from  chips.  A novel  spiral-head  chipper 
has  been  developed  and  laboratory  tested 
to  reduce  small  diameter  residues  to 
"fingerling"  particles  that  are  much  more 
suitable  for  ring  flaking.  This  Forest 
Service  patented  development  is  available 
for  non-exclusive  licensing. 
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Figure  1.  (A)  Typical  northern  hardwood  poletimber  stand. 

(B)  Logging  residues  following  conventional  chain  saw  thinning. 

(C)  Thinning  with  a mechanical  feller  buncher  with  accumulating  head. 

(D)  Poletimber  stand  after  mechanized  shelterwood  thinning. 
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Figure  3, 


Break-even  analysis  of 
mechanized  thinning.  (^) 


PROFIT  AND  LOSS  BASED  ON  THE 
MEAN  PRODUCTIVITY  FOR  ENTIRE  THINNING 

DOLLARS  TONS 
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RESIDUE  WEIGHT  (POUNDS) 


( A.)  TOTAL  RESIDUE 


(C.)  SAWTIMBER  TREES 


(B.)  RESIDUE  >3"DIA. 


>9" 

1.1% 


(D.)  POLETIMBER  TREES 


Figure  4. 


Source  and  size  breakdown  of  residual  tops  and  limbs  following 
a northern  hardwood  saw log  timber  sale.  (^) 


Figure  5.  Variation  of  residue  in  sugar  maple  sawtimber  trees.  (12) 
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Figure  6.  In-woods  preparation  of  hardwood 
sawtimber  tops  for  forwarding.  (A)  Typical 
hardwood  sawlog  top.  (B)  Ccirpacted  top. 
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Figure  7.  Field  trials  with  mechanized  topwood 
recovery.  (A)  Experimental  topwood  processor. 

(B)  Grapple  skidding  of  processed  top. 

(C)  Conventional  chipping  of  recovered  topwood. 


Figure  8.  Experimental  topwood  harvester 
processing  a sawlog  top. 
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Figure  9.  Summary  of  topwood  processing  data — number  of  limbs  Figure  10.  Summary  of  topwood  processing  data — size  of  limbs 

severed  per  top.  severed. 


Structural  Particletxaard  from  Forest  Residue 


(A  Proposed  Approach) 
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Figure  11.  "Fingerling"  approach  to  using  forest  residues  in  structural  flakeboard. 


Figure  12.  Laboratory  testing  of  experimental  spiral-head  chipper. 
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Figure  14.  Reduction  of 
particles  Co  fingerli 


oversi 
ngs  by 


zed  spiral-head  chipper 
subsequent  hammermilling. 


Figure  15.  Schematic  of  instrumentation  to  determine  power  requirements  to 

produce  fingerling  chips  with  the  U.S,  Forest  Service  spiral-head 
chipper. 
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Abstract 


Despite  sporadic  attempts  at  utiliza- 
tion, huge  quantities  of  forest  residues 
remain  unused  in  the  western  United 
States.  Structural  grade  flakeboard  has 
been  experimentally  manufactured  from 
residues,  but  costs,  particularly  the 
harvesting  and  processing  of  residues, 
render  the  product  noncompetitive  with 
plywood.  Improved  harvesting  and  proces- 
sing equipment  may  soon  improve  the 
economic  feasibility  of  converting 
residues  to  structural  flakeboard. 

KEY  WORDS:  forest  residues,  pulp 

chips,  particleboard, 
inwoods  chipping,  costs. 

Introduction 


In  the  western  United  States,  forest 
residue  is  defined  as  wood  left  on  an 
area  after  logging,  thinning,  road 
building  or  clearing  operations  and  fire, 
disease,  and  insect  killed  timber.  This 
includes  tops,  unmerchantable  trees, 
broken  pieces,  and  dead  or  defective  logs. 
The  residue  generated  on  a particular 
area  by  forestry  activities  can  be  af- 
fected by  the  terrain,  site,  vegetative 
type,  aspect,  species,  harvesting  system, 
equipment,  and  the  sales  agreement.  The 
quantity  of  residue  can  affect  the 
economics  of  utilizing  this  material. 

Because  of  the  newness  of  the  concept, 
very  little  work  has  been  done  on  forest 
residues  as  a raw  material  for  structural 
flakeboard.  Research  studies  have  been 
made  on  their  use  for  pulp  and  paper 
manufacture,  conventional  particleboard, 
and  as  a fuel  source.  It  is  assumed  that 
much  of  the  information  developed  in 
these  studies  would  be  transferable  to 
a structural  flakeboard  industry.  Table 
1 shows  that  there  is  an  abundant  supply 
of  forest  residues  on  the  large  National 
Forest  acreage  in  the  West.  The  cost  of 
collecting,  transporting,  and  processing 
this  material  has  been  the  major  con- 
straint on  its  utilization. 

Although,  at  the  present  time,  dis- 
posing of  forest  residue  is  a problem, the 
potential  structural  flakeboard  manu- 
facturer should  know  that  other  segments 
of  the  forest  products  industry  have  used 
or  have  looked  at  the  possibilities  of 
utilizing  all  or  portions  of  this  waste. 
During  the  pulp  chip  shortage  of  1973  and 


1974,  many  paper  companies  chipped  forest 
residues.  Also,  public  and  private 
research  facilities  have  studied  the  use 
of  residues  as  fuel  and  as  a potential 
source  of  chemicals.  All  of  these  uses 
appear  uneconomical  under  present  condi- 
tions. However,  as  equipment  manufacturers 
develop  new  processing  machinery,  the  use 
of  forest  residues  will  undoubtedly  in- 
crease . 


This  report  reviews  the  status  of 
forest  residues  in  the  western  United 
States - -quantities  available,  attempts  at 
intensive  utilization,  harvesting  and 
processing  equipment  and  costs,  and  poten- 
tial products.  Although  other  uses  are 
not  ruled  out,  feasibility  of  converting 
residues  to  structural  grade  flakeboard 
received  special  emphasis.  For  conveni- 
ence the  West  has  been  divided  into  three 
areas  and  each  area  is  discussed 
separately . 


Southern  Rocky  Mountains 

In  1974,  Sampson  and  others,  pub- 
lished an  evaluation  of  inwoods  chipping 
in  the  Four  Corners  area  comprised  of 
Arizona,  New  Mexico,  Colorado,  and  Utah. 
The  objective  of  this  study  was  to  deter- 
mine the  possibility  of  producing  pulp 
chips  from  unmerchantable  trees  and  from 
residues  usually  left  in  the  woods.  The 
study  trees,  mainly  ponderosa  pine, 
Engelmann  spruce,  Douglas-f ir,  and  white 
fir  were  felled,  limbed,  and  bucked  with 
chain  saws  and  skidded  with  rubber-tired 
or  tracked  skidders.  A Nicholson  Logger 
Model  Utilizer^  was  used  to  debark  and 
chip  the  material  at  the  landing.  The 
pulp  chips  were  blown  into  a chip  van  for 
transport  to  either  a reload  station  or 
to  a pulp  mill. 


The  results  of  this  evaluation  showed 
that  timber  utilization  was  improved  (the 
minimum  diameter  processed  through  the 
debarker  was  3 inches) , the  environmental 


^Stationed  at  the  Intermountain 
Station's  Forestry  Sciences  Laboratory  in 
Missoula,  Montana. 

2 

Use  of  trade  names  is  for  reader 
information  only,  and  does  not  constitute 
endorsement  by  the  U.S.  Department  of 
Agriculture  of  any  commercial  product  or 
service . 
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Table  1.  - ACREAGE  CUTOVER,  VOLUME  HARVESTED,  AND  QUANTITY  OF 
RESIDUE  GENERATED  ANNUALLY  ON  NATIONAL  FORESTS  IN  THE  WESTERN  REGIONS^ 


Estimated  annual 

harvest 

Region 

States 

Acreage 

Volume 

Residues 

(MM  Bd.  Ft.)  (M  tons) 

1 

N.  Idaho 
Montana 

110,000 

1,200.0 

5,500.0 

2 

Colorado 
Wyoming 
South  Dakota 

74,000 

315.0 

750.0 

3 

Arizona 
New  Mexico 

209,191 

401.5 

1 ,000.0 

4 

Nevada 

Utah 

S.  Idaho 

53,000 

437.0 

1,800.0 

5 

California 

150,000 

1,900.0 

15,000.0 

6 

Oregon 

Washington 

600,000 

4,500.0 

24,000.0 

Personal  communication  with  timber  management  and  fire  control  personnel  in  the 
various  regional  offices. 


quality  of  the  harvested  areas  was  not 
impaired,  and  that  high-quality  chips 
were  produced.  Unit  cost  of  producing 
chips  in  the  woods  were  substantially 
greater  than  for  chips  produced  at  a 
mill . 

The  total  cost  of  producing  chips  by 
this  procedure  was  estimated  to  range 
from  $25  to  $30  per  ovendry  ton.  Trans- 
portation costs  increased  these  values 
to  $42  to  $60.  The  report  stated  that 
these  costs  would  probably  decrease  as 
the  operating  crew  became  more  pro- 
ficient and  as  the  equipment  was  modified 
to  better  conform  to  the  field  conditions. 

Northern  Rocky  Mountains 

During  the  pulp  chip  shortage  of 
1973,  a commercial  operator  in  north 
Idaho  used  2 Melroe  Bobcat  feller- 
bunchers,  2 Timberjack  360  grapple  skid- 
ders,  and  a Morbank  75  chipper  to  clear- 
cut  lodgepole  pine  stands  on  Federal 
lands  and  partially  cut  mixed  stands  on 
State  lands.  This  was  a multiproduct 
operation  in  that  stud  logs  were  also 
obtained.  The  average  diameter  of  the 
trees  removed  was  5.5  to  6.0  inches 
d.b.h.  and  the  volume  removed,  20  to  25 
cords  per  acre. 

The  procedure  followed  was  to  fell 
and  skid  about  three  days  in  advance  of 
chipping.  The  f el ler-bunchers  sorted  the 
trees  when  felled.  Smaller  trees  were 
bunched  for  skidding  to  one  landing  and 
the  larger  trees,  from  which  saw  logs  or 
stud  logs  could  be  cut,  were  bunched  for 
skidding  to  a second  landing  located  a 


short  distance  from  the  first.  After  the 
logs  had  been  cut  and  decked,  the  tops 
were  pulled  to  the  first  landing. 

All  the  material  accumulated  at  the 
first  landing  was  chipped  without  de- 
barking. The  stem-wood  chips  were  blown 
into  a van  for  transportion  to  a mill 
and  the  branch  and  foliage  chips  were 
blown  into  a separate  pile  for  disposal 
either  by  burning  or  by  spreading  over 
the  harvested  area. 

This  system  proved  to  be  most  ef- 
ficient. Approximately  1,000  stems  per 
shift  were  cut  and  skidded  about  660  feet. 
Chip  production  averaged  8 to  10  loads  of 
11  to  12  units  per  trailer  each  shift. 

The  pulp  mill  receiving  these  chips 
reported  no  processing  problems,  although 
as  the  chip  supply  from  mill  refuse  became 
more  abundant,  the  pulp  mill  required  chip 
screening  and  bark  removal.  The  delivered 
price  for  these  chips  was  about  $33  per 
ovendry  ton. 

A major  forest  products  company  in 
the  Northern  Rocky  Mountains  has  also  in- 
vestigated the  possibility  of  utilizing 
forest  residues  for  pulp  chips  and  as 
fuel.  In  one  study,  an  old-growth  stand 
was  clearcut  and  a mixed-age  stand  was 
partially  cut.  Production  in  ovendry  tons 
per  acre  is  shown  in  the  following  tabula- 
tion : 
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Saw  logs 
46 


Old  - growth 


Mixed-age 


Residue 


Pulp  logs  Residue 

23  24 

49%  25%  26% 


The  equipment  used  in  this  study- 
consisted  of  a Drott  feller-buncher , 
chain  saw,  to  fell  the  oversized  trees, 
two  Cat  518  rubber-tired  grapple  skidders, 
a bulldozer  (part-time)  and  a 17-  or  22- 
inch  chipper.  The  material  chipped  in- 
cluded unmerchantable  trees,  tops  (bran- 
ches, needles,  and  stems),  chunks  broken 
from  the  stem,  and  small  cull  or  pulp 
logs  made  when  bucking  for  saw  logs. 

A second  study,  using  the  same  equip- 
ment, determined  the  cost  of  removing 
different  quantities  of  logs  and  chips 
from  four  study  areas.  The  results  of 
this  determination  are  shown  in  Table  2. 

As  would  be  expected,  the  higher  volume 
and  value  of  the  logs  reduces  the  de- 
livered cost  at  the  mill  of  the  combined 
logs  and  chips  removed  from  the  areas. 

The  production  of  chips  only,  increase 
the  cost  from  $0.81  to  $4.79  per  oven- 
dry  ton  above  the  cost  of  producing  logs 
and  chips.  The  cost  was  also  affected 
by  the  harvesting  method  used;  the  clear- 
cutting  regime  had  lower  delivered  costs 
than  the  partial  cuts.  At  an  assumed 
production  rate  of  100  ovendry  tons  per 
day,  whole  tree  chipping  cost  was  cal- 
culated to  be  $22.34  per  ovendry  ton. 

A second  phase  of  the  study  was  con- 
cerned with  the  cost  of  disposing  of  log- 
ging slash  piles  by  chipping.  A crane, 
chainsaw,  and  chipper  were  used  in  this 
study  part.  The  average  cost  of  the 
delivered  chips  was  $70.83  per  ovendry 
ton.  This  high  cost  reflects  the  in- 
efficient use  of  the  machinery.  The 
projected  cost  of  producing  an  assumed 
100  ovendry  tons  per  day  of  this  type  of 
material  for  fuel  was  $18.20  per  ovendry 
ton . 

Another  relevant  study  was  conducted 
by  the  Intermountain  Forest  and  Range 
Experiment  Station  in  western  Montana. 

A three-man  crew,  Melroe  Bobcat,  grapple 
skidder,  two  chain  saws,  and  a chipper 
were  used  to  thin  and  remove  insect-in- 
fested trees  from  an  80-year  old  ponderosa 
pine  stand.  Felling  and  bunching  was 
completed  a few  days  prior  to  the  start 
of  skidding.  The  grapple  skidder  pulled 
the  trees  to  a landing  where  house  and 
stud  logs  were  cut  from  the  stems.  Tops 
and  smaller  trees  were  chipped  and  the 
chips  hauled  to  a pulp  mill.  The  chips 
proved  unsuitable  for  pulp  but  suitable 
for  fuel.  Delivered  cost  of  the  chips 
was  not  meaningful  because  this  was  a 
family-type  operation. 

In  addition  to  inwoods  chipping, 


Saw  logs  Pulp  logs 

32  11  5 

68%  23%  9% 


defective  logs  and  trees  have  been  con- 
centrated and  trucked  to  either  a pulp 
mill  or  to  a satellite  chipping  station 
in  the  Northern  Rockies.  This  endeavor 
also  dates  back  to  the  pulp  chip  shortage 
of  1973  and  1974  and  has  subsequently  been 
stopped.  Much  of  the  timber  salvaged  for 
chips  was  obtained  from  timber  sales  where 
green  logs  had  been  harvested  and  from 
dead  timber  located  close  to  roadsides. 

No  special  equipment  was  used  to  harvest 
these  cull  logs.  More  than  150  million 
board  feet  of  logs  were  purchased  during 
a two-year  interval.  Costs  ranged  from 
$50  to  $65,  per  thousand  board  feet, or 
$25  to  $33  per  cord  (McMichael  1975). 

Pacific  Northwest 

The  Pacific  Northwest  area  is  usually 
divided  into  western  and  eastern  sections, 
with  the  Cascade  Mountains  as  the  boundary. 
The  western  portion  of  the  region  contains 
many  large,  overmature  stands  of  Douglas- 
fir.  When  these  stands  are  harvested, 
tremendous  tonnages  of  forest  residue  con- 
sisting of  cull  logs,  dead  trees,  tops, 
and  unmerchantable  trees  remain.  The 
average  gross  weight  of  bone  dry  tons  per 
acre  has  been  estimated  to  be  57  tons 
(Grantham  1974)  . The  eastern  portion  con- 
tains smaller  size  timber,  with  ponderosa 
pine  and  lodgepole  pine  the  principal 
species.  The  average  tonnage  of  forest 
residue  remaining  in  these  stands  after 
harvesting  has  been  estimated  to  be  about 
35  tons  per  acre. 

In  the  western  portion,  the  steep 
mountainous  terrain  and  large  timber 
requires  the  use  of  cable  harvesting 
systems  and  heavy  logging  equipment.  Also, 
chip  vans  would  find  it  difficult  to 
negotiate  the  sharp  curves  in  the  road 
system.  As  a result,  timber  sales  agree- 
ments have  been  developed  that  require  the 
yarding  of  much  of  the  forest  residue  to 
a landing  for  later  disposal.  Yarding  of 
unutilized  material  (YUM)  is  the  term 
applied  to  this  method. 

The  major  advantage  of  the  YUM  system 
is  that  the  cost  of  yarding  the  low-value, 
low-quality  material  is  included  in 
developing  the  sales  appraisal.  The  cost 
of  moving  this  material  to  roadside  is 
then  borne  by  the  good  logs  that  are 
harves  ted . 

Another  procedure  that  has  been 
developed  and  used  to  a limited  extent  in 
this  area  is  termed  PAM  (per  acre 
material) . In  timber  sales  of  this  type 
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Table  2.  - QUANTITY  AND  COST  OF  REMOVING  SAW  LOGS  AND  CHIPS  FROM 
FOUR  STUDY  AREAS  IN  THE  NORTHERN  ROCKIES  USING  DIFFERENT  HARVESTING  REGIMES 


Quantity 

Total 

harvested 

Per 

acre 

Del ivered 
cost  at  mill 

Cutting  regime 

Logs  5 
chips 

Chips 

only 

Logs  8 
chips 

Chips 

only 

Logs  8 
chips 

Chips 

only 

(ovendry  tons) 

(dollars) 

Leave  trees  9" 

302 

241 

15.1 

12.0 

34.35 

39.14 

Leave  trees  6" 

529 

502 

22.0 

21.0 

32.71 

33.67 

Clearcut 

480 

461 

22.0 

21.0 

28.58 

29.39 

Sanitation  cut 
(insects ) 

1,198 

1,008 

29.6 

25.0 

27.72 

31.76 

the  purchaser  pays 

for  the  green  or  sound 

verability  on 

forest 

roads.  For 

maximum 

logs  at  a fixed  price  per  thousand  board 
feet,  log  scale,  by  species.  The  large 
cull  and  small  sound  logs  on  the  sale 
area,  which  contain  below  a given  net 
volume,  such  as  80  board  feet,  would  be 
purchased  for  a lump  sum  per  acre 
(Hamilton  1975)  . 

Timber  sales  of  the  PAM  type  tend  to 
encourage  the  operator  to  remove  all  the 
material  that  will  pay  for  its  handling 
and  hauling  costs. 


efficiency,  it  is  necessary  that  the 
material  to  be  chipped  be  concentrated  at 
a landing  prior  to  the  chipper  being 
operated.  Also,  it  would  be  desirable 
to  have  two  or  three  chip  vans  being 
located  at  the  landing  for  loading.  A 
single  tractor  could  then  be  used  to 
pull  the  loaded  vans  to  the  mill  or  rail- 
road siding  and  return  the  empty  vans 
for  reloading.  The  average  daily 
production  using  this  system  is  about  10 
vans,  depending  on  the  haul  distance. 


East  of  the  Cascades,  timber  size, 
terrain,  and  forest  residue  are  similar 
to  that  encountered  in  the  Northern 
Rocky  Mountain  region.  Hence,  the  col- 
lection procedures  for  forest  residues 
that  have  been  developed  and  used  are 
similar  to  those  described  under  the  pre- 
ceding section  of  this  report.  Feller- 
bunchers  and  grapple  skidders  are  com- 
monly used  harvesting  equipment. 

A recent  innovation  has  been  use  of  the 
Hahn  harvester  at  the  landing.  With  this 
machine,  trees  are  skidded  to  the  landing 
intact  and  fed  into  the  harvester.  The 
machine  then  delimbs  and  bucks  the  tree 
to  the  desired  length  or  top  diameter. 

An  attachment  for  the  harvester  is  being 
developed  that  will  chip  the  branches  and 
unused  top  and  make  this  available  either 
for  fuel  or  for  pulp. 

Transportation  of  Forest  Residues 

Historically,  two  methods  have  been 
used  for  transporting  forest  residues: 

(1)  where  chipping  is  performed  at  the 
harvesting  site,  chip  vans  are  used,  and 

(2)  where  chipping  is  done  at  the  manu- 
facturing plant  or  reload  station,  trucks 
and  trailers  transport  the  material  in 
the  round. 

Two  sizes  of  chip  vans  are  commonly 
used  in  the  west;  a 40-foot  van  with  a 
capacity  of  38,000  pounds  and  a 45-foot 
van  with  a capacity  of  42,000  pounds. 

The  40-foot  van  is  preferred  for  inwoods 
chipping  because  of  its  greater  maneu- 


Because  of  the  many  factors  in- 
volved, such  as  hauling  distance  and 
turnaround  time,  it  is  difficult  to 
estimate  the  exact  cost  of  chip  trans- 
portation. Withycombe  (1975)  has  es- 
timated this  cost  to  be  5 cents  per  high- 
way-ton-mile . However,  because  of  the 
increased  care  and  time  required  for 
forest  roads,  this  cost  should  probably 
be  at  least  doubled  and  possibly 
tripled . 

Logging  trucks  and  trailers  have 
been  used  to  transport  forest  residues 
in  the  log  form.  This  equipment  has  a 
load  capacity  of  approximately  52,000 
pounds  or  about  5,000  board  feet,  log 
scale.  The  trucks,  designed  and  built 
for  woods  hauling,  are  usually  in- 
dividually loaded  at  the  landing.  The 
forest  turnaround  time  may  be  fairly  long, 
depending  on  the  size  and  number  of 
pieces  loaded. 

The  cost  of  hauling  forest  residues 
by  this  system  would  be  essentially  the 
same  as  for  higher  valued  green  logs 
destined  for  lumber  or  plywood.  At  this 
time,  the  average  hauling  cost,  forest 
to  mill,  is  about  $10  to  $15  per  thousand 
board  feet,  log  scale. 

Flakeboard  Manufacture 

Pulp  chips  are  not  suitable  for  the 
manufacture  of  structural  flakeboard. 
Heebink  (1977)  has  stated  that  flakes  for 
structural  flakeboard  should  be  fairly 
long  and  thin.  In  his  experimental  work 
he  was  able  to  produce  2-inch-long  and 


0 . 02  - inch- thick  flakes  by  first  reducing 
log  bolts  to  pieces  termed  "f  ingerling . 
Fingerlings  were  approximately  2 to  3 
inches  long  and  3/4  to  1 inch  in  cross- 
sectional  area.  Fingerlings  were 
produced  in  a modified  drum  chipper,  then 
the  fingerlings  were  flaked  through  a 
ring  flaker. 

Using  the  fingerling  method,  wood 
residues  could  be  debarked  and  made  into 
fingerlings  in  the  forest.  The  finger- 
lings would  be  transported  to  the  plant 
by  chip  van,  processed  into  flakes,  and 
formed  into  structural  board  panels. 

An  alternative  would  be  to  transport 
the  residue  in  the  round  to  the  plant 
site.  Here  debarking  or  cleaning  the 
logs,  sawing  to  optimum  length,  and 
processing  through  the  fingerling  chipper 
and  flaker  could  be  accomplished.  In 
either  event,  the  cost  of  producing 
suitable  flakes  would  exceed  the 
estimated  $3  cost  of  producing  pulp  chips 
(Gardner  1978) . 

A recently  published  report  by 
Gardner  provides  detailed  information  on 
the  use  of  forest  residues  using  the 
fingerling  approach.  The  report  develops 
estimated  costs  per  ton  for  a variety  of 
harvesting  systems  and  includes  simulated 
costs  of  harvesting  residues  and  pro- 
ducing fingerlings. 

Summary 

Enormous  quantities  of  forest 
residues  are  generated  annually  on  the 
National  Forests  of  the  western  United 
States.  The  principal  areas  of  concen- 
tration of  this  material  are  the  Pacific 
Northwest,  California,  and  the  Northern 
Rocky  Mountains.  At  this  time,  the  col- 
lection, transportation,  and  preparation 
of  forest  residues  for  structural  flake- 
board  manufacture  appears  to  be  un- 
economical, However,  equipment  and 
procedures  for  processing  residues  more 
efficiently  are  being  developed,  and  the 
prospects  for  its  increased  utilization 
seem  promising. 

Within  the  last  few  years,  research 
has  used  two  methods  to  improve  the 
utilization  of  forest  residues.  One 
method  has  been  complete  tree  harvesting 
in  which  the  entire  tree  is  brought  to 
a landing  and  after  the  more  valuable 
stem  wood  has  been  removed  the  top 
foliage  and  branches  are  chipped.  Un- 
merchantable wood  is  also  chipped  at  the 
landing.  This  method  has  proved  suitable 
for  making  pulp  chips  at  times  when  such 
chips  are  in  short  supply.  The  method 
might  also  lend  itself  to  the  production 
of  fingerlings  that  are  then  flaked  for 
structural  flakeboard. 

The  second  research  method  has  been 
the  removal  of  selected  portions  of  the 
forest  residue,  primarily  cull  and  dead 


tree  logs,  to  an  off-forest  site.  At 
this  location,  the  residue  logs  have  been 
made  into  pulp  chips  and  could  be  made 
into  fingerlings.  In  the  Pacific  North- 
west the  traditional  sales  agreement  has 
been  modified  to  require  the  yarding  of 
unutilized  material  (YUM)  or  a fixed 
price  per  acre  has  been  charged  for  the 
material  (PAM) . Forest  residues  would 
then  be  available  for  use  in  structural 
flakeboard . 

Although  both  methods  appear 
promising,  the  present  economic  situa- 
tion is  the  major  constraint.  Recent 
studies  indicate  that  the  costs  of  col- 
lecting and  transporting  forest  residue 
have  a range  from  about  $30  to  $60  per 
ovendry  ton.  These  costs  far  exceed  the 
costs  of  material  from  alternative  supply 
sources,  sawmills  and  planing  mills. 
However,  new  harvesting  equipment  and 
systems  may  reduce  the  costs  associated 
with  forest  residue  and  increase  the 
utilization  of  this  material  by  all  wood 
using  industries,  including  structural 
flakeboard . 

Technology  is  presently  available 
for  transporting  and  processing  forest 
residue  into  structural  flakeboard.  Chip 
vans  and  logging  trucks  can  be  used  to 
transport  this  material  and  modified  drum 
chippers  can  produce  fingerlings  for 
processing  in  a ring  flaker. 

Structural  flakeboard  is  a definite 
possibility  for  utilizing  the  tremendous 
quantities  of  forest  residues  available 
in  the  West. 
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Abstract 

With  little  disturbance  of  existing 
southern  wood  markets,  structural  flake- 
board  plants  with  annual  capacities  of 
57.5  to  150  million  square  feet  (1/2-inch 
basis)  can  be  supplied  from  hardwoods 
growing  on  southern  pine  sites.  One  saw- 
mill equipped  with  a 9-foot  shaping- lathe 
headrig  (or  three  54-inch  shaping  lathes) 
and  a salvage  roundwood  flaker  can  fur- 
nish enough  flakes  to  produce  37.5  mil- 
lion square  feet  of  flakeboard  annually. 
Use  of  three  mobile  chippers  to  retrieve 
logging  residues  can  double  wood  recovery 
so  that  residual  flakes  and  chips  are 
sufficient  for  a flakeboard  plant  with 
annual  capacity  of  75  million  square  feet 
(1/2-inch  basis).  A sawmill  with  one 
9-foot  shaping  lathe,  three  54-inch 
shaping  lathes,  and  six  mobile  chippers 
could  supply  flakes  and  chips  for  annual 
production  of  150  million  square  feet 
(1/2-inch  basis).  On  rough  or  rocky 
terrain,  skidders  and  roadside  chippers 
would  replace  mobile  chippers.  Clean 
flakes  and  chips  provided  the  flakeboard 
plants  by  these  systems  would  be  priced 
about  the  same  as  pulpwood  chips  of  the 
same  species . 

Plants  that  manufacture  structural 
flakeboard  from  southern  woods  offer  sub- 
stantial opportunity  for  profit;  it  is 
likely,  therefore,  that  from  1980  to  1990 
several  such  manufacturing  facilities 
will  be  constructed.  Annual  plant 
capacities  will  probably  range  from  37.5 
to  150  million  square  feet  (1/2-inch 
basis).  This  paper  describes  two  pro- 
cesses by  which  wood  can  be  obtained  for 
these  plants  without  greatly  upsetting 
existing  wood  markets  in  the  South. 

If  made  from  a mixture  of  southern 
species  (mostly  hardwoods) , structural 
flakeboard  weight  at  shipment  will  be 
about  50  pounds  per  cubic  foot  or  2,083 
pounds  per  1,000  square  feet  (1/2-inch 
basis).  Therefore,  plants  will  require 
37,500  to  150,000  tons  of  dry  flakes 
annual ly . 

Moisture  content  of  stemwood  in  pine- 
site  hardwoods  ranges  from  a low  of  47 
percent  in  green  ash  to  a high  of  120 
percent  in  sweetgum.  Average  moisture 
content  of  stemwood  from  these  hardwoods, 
weighted  by  the  percentages  in  which  they 
occur,  is  about  75  percent  (dry-weight 
basis).  A ton  of  dry  flakes  can  there- 
fore be  obtained  from  1.75  tons  of  green 


wood.  Accordingly,  green  wood  require- 
ment of  the  proposed  flakeboard  plants 
will  range  from  66,000  to  263,000  tons 
annually,  depending  on  plant  capacity. 

Delivered  wood  in  the  form  of  green 
flakes,  chips,  or  roundwood  should  cost 
the  plant  $12  to  $30  per  ton  on  a dry 
weight  basis,  $7  to  $17  per  ton  on  a green 
weight  basis,  or  $21  to  $51  per  cord  on  a 
volume  basis.  Plants  can  operate  most 
economically  on  a 100-percent  flake  fur- 
nish, and  least  economically  on  barky 
roundwood,  assuming  that  flakes,  chips, 
and  roundwood  are  all  available  at  the 
same  price  per  ton  and  at  the  same  mois- 
ture content. 

Because  the  structure  of  the  hardwood 
roundwood  (i.e.,  pulpwood)  business  in  the 
South  is  well  understood,  harvesting  and 
delivery  techniques  for  this  product  will 
not  be  further  discussed.  Instead,  this 
paper  concentrates  on  methods  of  ob- 
taining residual  flakes  from  other  manu- 
facturing operations  and  on  methods  to 
harvest  logging  residuals  with  a mobile 
chipper.  Economics  of  roadside  chippers 
will  not  be  analyzed,  because  their  opera- 
tion is  understood  by  the  industry. 

Residual  Flakes  from  the  Shaping- 
Lathe  Headrig 

In  the  South,  the  major  underused  wood 
resource  is  hardwoods  on  pine  sites.  In 
stemwood  of  trees  5 inches  dbh  and  larger, 
there  is  about  0.8  ton  of  these  hardwoods 
for  every  ton  of  pine  on  southern  pine 
sites.  About  half  of  this  hardwood  volume 
is  in  trees  5.0  to  10.9  inches  in  dbh;  the 
other  half  of  the  volume  is  about  evenly 
divided  between  trees  11.0  to  14.9  inches 
in  dbh  and  those  15.0  inches  and  larger 
(7). 

These  hardwoods  are  of  low  quality, 
frequently  have  short  and  crooked  stems, 
and  contain  varying  amounts  of  rot  in- 
troduced by  fire  scars,  branch  stubs,  or 
bird  and  insect  damage.  Today,  a signi- 
ficant - -perhaps  maj or - -port ion  of  these 
hardwoods  is  unused  or  destroyed  during 
site  preparation  for  establishment  of 
southern  pine. 

The  shaping- lathe  headrig  is  a new 
machine  designed  to  convert  short  logs 
from  such  low-quality  trees  into  cross- 
ties or  posts,  cants  for  resawing,  or 
cylindrical  bolts  to  be  rotary  peeled. 
Residue  from  the  headrig  is  flakes  of 
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mill's  merchandising  deck  will  be  too 
crooked,  rotten,  small,  or  large  for 
processing  through  the  shaping  lathe, 
this  portion  will  go  directly  to  a disk 
or  drum  flaker.  Both  shaping- lathe  head- 
rig  and  salvage  roundwood  flaker  make 
some  fines;  as  much  as  5 percent  of  all 
flakes  may  be  screened  out  for  use  as 
fuel  and  will  not  be  available  to  the 
flakeboard  plant. 


uniform  length  and  thickness.  These 
residual  flakes  (Fig.  1)  which  can  be 
produced  in  any  thickness  from  0.010  to 
0.030  inch,  are  excellent--perhaps  the 
best  available- -furnish  for  structural 
flakeboard  manufacture  (8) . 

The  headrig  is  available  in  three 
models : 

• A pallet-cant  machine  that  con- 
verts logs  5 to  12  inches  in 
diameter  and  40  to  53  inches  in 
length  to  cants  for  resawing  into 
pallet  deck  boards  and  stringers 
(Fig.  2). 

• A post,  crosstie,  and  cant  machine 
that  converts  logs  6 to  9 feet 
long  and  5 to  15  inches  in  diameter 
into  highway  posts,  half-ties, 
full-size  ties,  or  cants  for 
resawing  (Fig . 3) . 

• A roundup  machine  that  converts 
8-1/2-foot  long  bolts  up  to  30 
inches  in  diameter  into  the  largest 
perfect  cylinders  within  such  logs; 
these  cylinders  can  be  subse- 
quently peeled  into  continuous 
veneer  (Fig . 4) . 

To  simplify  discussion,  only  the  9- 
foot  headrig  (Fig.  3)  will  be  analyzed  to 
assess  its  ability  to  provide  flakes  for 
the  proposed  flakeboard  plants  and  a 
variety  of  rough  green  or  air-dry  pro- 
ducts for  different  markets. 

For  the  industrial  market,  the  head- 
rig can  provide;  cants  to  be  resawn  into 
pallet  or  container  shook;  light  timbers 
to  9 feet  in  length;  industrial  blocking 
of  odd  cross-section,  e.g.,  round,  hexa- 
gonal, or  octagonal;  and  hexagonal  cants 
to  be  crosscut  into  industrial  block 
flooring . 

For  the  railroad  and  highway  market, 
the  headrig  can  provide : one  piece 

crossties  and  dowel - laminated  crossties 
to  9 feet  in  length  (Fig.  5)  and  highway 
posts  (round  or  square)  in  lengths  from 
4-1/2  to  9 feet. 

For  the  customer  market  (via  retail 
yards),  the  headrig  can  provide;  fence 
post  (4-1/2  to  9 feet  long) , fence  rails 
(6  to  9 feet  long) , cants  for  resawing 
into  8-foot  studs  or  4 x 4's,  cabin  logs, 
and  architectural  crossties  for  use  in 
landscaping . 

For  the  furniture  market,  the  head- 
rig can  provide;  cants  in  6-  to  9-foot 
lengths  for  conversion  to  furniture  dimen- 
sion stock,  rounded-up  veneer  bolts  or 
cants  for  slicing,  and  crosstie  side 
lumber . 

To  keep  the  flakeboard  plant  operat- 
ing at  full  capacity,  the  headrig  should 
run  3 shifts  a day,  5 days  a week,  48 
weeks  of  the  year.  Because  about  25  per- 
cent of  wood  volume  received  on  the  saw- 


Since the  total  flake  requirement  of 
the  smallest  flakeboard  plant  would 
amount  to  37,500  tons  (dry)  annually,  the 
sawmill  must  produce  164  tons  (dry)  of 
flakes  daily , i . e . , 


The  shaping- lathe  headrig  is  designed 
to  machine  1,440  logs  per  shift  into 
cants,  i.e.,  four  logs  per  minute  for 
360  minutes  of  each  shift.  If  1,440 
logs  are  to  contain  4,500  cubic  feet  of 
wood,  each  log  must  average  3.13  cubic 
feet.  If  logs  processed  average  92 
inches  long,  they  need  to  average  about 
8.7  inches  in  mid-length  diameter  to 
contain  3.13  cubic  feet.  This  average 
diameter  is  about  right  for  a mill  pro- 
ducing half  ties  (Fig.  3 top.  Fig  5), 
highway  posts,  and  cants  for  resawing 
(Fig . 3 bottom) . 

Accordingly,  one  9-foot  shaping- 
lathe  headrig  and  one  salvage  roundwood 
flaker  will  easily  supply  the  wood  for  a 
plant  producing  37.5  million  square  feet 
of  1/2-inch  flakeboard  annually.  The 
price  at  which  flakes  are  transferred 
from  lumber  mill  to  flakeboard  plant 
might  be  about  the  same  as  that  of  pulp 
chips  of  the  same  species  mix.  (See  Koch 
1976  and  Koch  and  Caughey  1978  for  es- 
timates of  the  cost  of  such  a sawmill) . 


Loggers  might  harvest  about  4,500 
acres  per  year  of  southern  forests 
stocked  with  low-grade  hardwoods  to  get 
the  logs  required,  i.e.,  1,440  logs  per 
shift  averaging  92  inches  long  and  8.7 
inches  in  diameter  at  mid-length.  This 
would  call  for  land  that  contained  about 
88  trees  per  acre  averaging  20  feet  of 
merchantable  stem  usable  on  the  headrig. 

If  the  land  available  had  too  few 


37,500/q  gr 

Of  this  amount,  75  percent  (123  tons) 
will  come  from  the  shaping  lathe,  and  25 
percent  (41  tons)  will  come  from  the 
salvage  roundwood  flaker. 


Log  shapes  and  likely  machining  pat- 
terns indicate  that  the  shaping  lathe 
will  probably  produce  equal  weights  of 
flakes  and  cants.  Daily  input  of  bark- 
free  logs  to  the  shaping  lathe  will 
therefore  need  to  be  about  246  tons  on  a 
dry  weight  basis,  430  tons  on  a green 
weight  basis,  or  about  13,500  cubic  feet 
per  day.  This  amounts  to  4,500  cubic 
feet  of  logs  per  8-hour  shift. 
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logs  of  8.7-inch  diameter,  but  had  smal- 
ler bolt  wood  averaging  6.5  inches  in 
diameter,  and  40  to  53  inches  long,  then 
three  54-inch  machines  designed  to  make 
pallet  cants  (Fig.  2)  should  be  used  in 
place  of  the  9-foot  shaping  lathe. 

Mobile  Chipper 

Since  the  flakeboards  discussed  in 
this  paper  have  3 layers  it  is  possible 
to  use  flakes  of  low  quality  in  the  core 
and  save  the  best  flakes  (e.g.,  those 
from  a shaping- lathe  headrig  or  round- 
wood  flaker)  for  face  material.  A low- 
cost  source  of  core  flakes  is  large  pulp 
chips  (maxi-chips)  processed  through  a 
ring  flaker. 

While  such  chips  might  be  purchased, 
I propose  to  get  them  by  harvesting  cull 
trees  and  logging  slash  with  a mobile 
chipper  (Fig.  6).  Chips  (Fig.  7)  would 
then  be  split  30:70  between  fuel  (fines 
and  barky  chips)  and  appropriately  sized 
mostly  bark-free  chips  to  be  ring-flaked 
for  core  material. 

Three  mobile  chippers  with  associ- 
ated equipment  (Fig.  6)  should  recover 
90,000  tons  (green  basis)  of  chips  an- 
nually, 70  percent  of  which  would  be 
suitable  for  core  material  (63,000  tons 
on  a green  basis  or  36,000  tons  on  a dry 
basis).  Hardwood  residue  harvested  in 
this  fashion  should  cost  about  $14  per 
green  ton  delivered  to  the  flakeboard 
plant,  or  $24.50  per  dry  ton  (Koch  and 
Nicholson  1978).  Each  machine  should 
annually  traverse  about  1,500  acres 
containing  heavy  logging  slash  and  many 
standing  culls . 

The  27,000  tons  (green)  annually  of 
fuel  is  enough  to  fire  four  burners  con- 
tinuously, each  producing  5.5  million 
BTU  hourly  (Fig.  8;  see  also  Koch  et  al. 
1978)  . 

Accordingly,  a flakeboard  plant  pro- 
ducing 75  million  square  feet  of  1/2-inch 
flakeboard  annually  and  requiring  75,000 
tons  (dry  basis)  of  wood  could  be  sup- 
plied by  residues  from  a sawmill  equipped 
with  one  9-foot  shaping- lathe  headrig 
(or  three  54-inch  headrigs)  and  from 
logging  slash  recovered  from  4,500  acres 
per  year  by  three  mobile  chippers. 

Plants  of  larger  annual  capacity,  e.g., 
150  million  square  feet  (1/2-inch  basis), 
could  obtain  their  wood  from  a mill 
utilizing  one  9-foot  shaping- lathe  head- 
rig, three  54-inch  shaping  lathes,  and 
six  mobile  chippers  that  recover  logging 
residues  and  cull  trees  from  about  9,000 
acres  per  year. 

Mobile  chippers  (Fig.  8)  will  be 
operable  on,  for  example,  south  Georgia 
terrain  or  along  the  Texas -Louisiana 
border,  but  they  will  not  be  practical 
on  steep  rocky  slopes  such  as  those  in 
West  Virginia  or  northern  Arkansas.  In 


these  areas,  it  would  be  more  economical 
to  skid  residues  to  roadside  chippers. 
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Fig.  1.  - Face  flakes  0.015  inch  thick  and  three  inches  long  in 

random  widths  produced  on  the  shaping  lathe.  Top  left, 
white  oak  (Quercus  alba  L.);  top  right,  southern  red 
oak  (Quercus  falc~ata  Michx.);  center  left,  hickory 
(Carya  spp . ) ; center  right , sweetgum  (Liquidambar 
styracif lua  L.);  bottom  left,  southern  pine;  and  bottom 
right , the  five  species  mixed. 


Fig.  2 - (Top)  Shaping- lathe  headrig  for  manufacture  of  pallet 
cants  can  handle  logs  40  to  53  inches  long  and  4 to  12 
inches  in  diamater.  Key  elements  (arrows)  are:  lower 

left,  log  deck  and  unscrambler;  upper  left,  log  cen- 
tering vee  and  workpiece  spindle;  center  top,  cam; 
upper  right,  workpiece,  cutterhead  and  charger;  lower 
center,  take-away  belt.  (Bottom)  Cants  from  headrig 
can  be  sawn  into  deckboards  and  stringers  for  pallets 
(Koch  1975)  . 
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Fig.  3 - Shaping- lathe  headrig  for  logs  6 to  9 feet  long  and  5 

to  15  inches  in  diameter.  The  headrig  yields  cylindrical, 
octagonal,  and  hexagonal  shapes  as  well  as  rectangular 
or  square.  (Top)  Mill  layout  for  production  of  doweled 
crossties  and  side  lumber.  (Bottom)  Mill  layout  for 
cants  to  be  resawn  into  lumber,  e.g.  , studs. 
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Fig.  4 - Roundup-shaping- lathe  to  produce  flakes  and  cylindrical 
peeler  bolts  yielding  continuous  veneer  from  logs  8-1/2 
feet  long  and  up  to  30  inches  in  diameter.  For  a des- 
cription of  this  operation  see  Springate  et  al.  (1978) 
and  Springate  (1978). 


Fig.  5 - (Top)  Dowel - laminated  crosstie  secured  with  three  pairs 
of  1/2-inch  spirally  fluted  steel  dowels.  No  adhesive 
used.  (Bottom)  These  steel-doweled  mainline  ties  have 
been  made  from  logs  8.5  inches  in  diameter,  a size  in 
plentiful  supply  (Howe  and  Koch  1974). 
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CHIP  DISCHARGE 


Fig.  6 - Mobile  chipper  for  retrieval  of  cull  trees  and  logging 
residues.  (Top)  Prototype  machine.  (Bottom)  Three 
machine  team  capable  of  traversing  an  acre  an  hour  and 
delivering  chips  into  roadside  inventory  piles  (Koch 
and  Nicholson  1978)  . 


Fig.  7 - Chips  from  prototype  mobile  chipper  measure  about  1 inch 
long.  Feed  design  could  be  modified  to  attain  longer 
lengths  if  required. 
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FLAKING  ALTERNATIVES 


Eddie  W.  Price 
Wood  Scientist 

Southern  Forest  Experiment  Station 
USDA  Forest  Service 
Pineville,  Lousiana 


Abstract 

Three-layer  structural  flakeboards 
were  prepared  at  two  densities  and  two 
resin  contents  (5  and  81)  from  flakes  cut 
on  a shaping- lathe  headrig  and  on  disk, 
drum,  and  ring  f lakers.  Panels  were  made 
from  lodgepole  pine  (Pinus  contorta 
Dougl.),  loblolly  pine  (Pinus  taeda  L.), 
sweetgum  (Liquidambar  styracif lua  L.), 
southern  red  oak  (Quercus  falcata  Michx.), 
and  mockernut  hickory  (Carya  tomentosa 
Nutt . ) . 

The  ring  flaker  produced  23.71  fines; 
the  drum,  lathe,  and  disk  produced  only 
7.7,  3.5,  and  2.21  fines.  Of  the  flakes 
used  for  panel  fabrication,  i.e.,  those 
retained  on  a 1/16-inch  and  larger 
screens,  lathe-  and  disk-cut  flakes  had 
the  lowest  specific  surface  and  there- 
fore most  resin  applied  per  thousand 
square  feet  of  flake  surface  area. 

Flakes  averaged  about  2.25  inches 
long  (except  ring-cut  oak  and  hickory 
flakes,  which  were  slightly  shorter). 
Flakes  were  slightly  less  than  0.02-inch 
thick  (except  for  disk-cut  flakes  which 
were  slightly  thicker) . 

When  panels  of  the  low-density 
species  (lodgepole  and  loblolly  pines 
and  sweetgum)  were  analyzed,  bending 
strength,  modulus  of  elasticity,  internal 
bond,  linear  expansion,  and  thickness 
swell  were  all  strongly  influenced  by 
interactions  of  main  factors  (flaker, 
species,  resin  content,  and  compression 
ratio).  Such  interactions  would  not 
allow  simple  comparisons  of  the  main 
factors.  Flaker  types  were  therefore 
compared  over  a range  of  compression 
ratios  for  each  individual  species  of 
wood.  Lodgepole  pine  boards  had  highest 
bending  strength  and  modulus  of 
elasticity  when  made  from  lathe-cut 
flakes,  and  highest  internal  bond 
strength  when  made  from  ring-cut  flakes. 
The  flake-type  yielding  least  linear 
expansion  and  thickness  swell  varied  with 
conditioning  cycle  (24-hour  water  soak, 

30  to  90%  RH , or  ovendry  vacuum-pressure 
soak) . 

Loblolly  pine  boards  made  at  low 
compression  ratios  were  strongest  and 
stiffest  if  made  from  disk-cut  flakes; 
at  high  compression  ratios  lathe-cut 


^Former  technologist.  Forest  Products 
Laboratory,  Madison,  Wisconsin 
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flakes  made  boards  of  highest  bending 
strength  and  modulus'  of  elasticity.  In- 
ternal bond  strength  of  loblolly  pine 
boards  was  highest  when  made  from  ring- 
cut  flakes,  but  boards  made  from  lathe- 
cut  flakes  had  most  stability. 

At  high  compression  ratios,  sweetgum 
panels  had  highest  bending  strength  and 
modulus  of  elasticity  when  made  from 
disk-cut  flakes  but  highest  internal 
bond  strength  when  made  from  ring-cut 
flakes.  Sweetgum  boards  were  most  stable 
when  fabricated  from  lathe-cut  flakes. 

At  any  compression  ratio  from  1.20 
to  1.50,  lodgepole  pine  boards  generally 
had  lowest  modulus  of  rupture,  modulus 
of  elasticity,  and  internal  bond  strength. 
Loblolly  pine  and  sweetgum  boards  often 
had  similar  properties. 

When  oak  and  hickory  boards  were 
evaluated,  those  made  from  lathe-cut 
flakes  had  highest  bending  strength  and 
stiffness.  Increasing  resin  content  from 
5 to  81  improved  bending  properties; 
the  degree  of  improvement  was  affected 
by  species  and  flaker  type.  Internal 
bond  strength  was  highest  in  boards  made 
of  ring-cut  flakes  and  was  greatly  in- 
fluenced by  resin  content  and  species. 
Linear-expansion  values  were  low  in  panels 
of  drum-cut  flakes  pressed  to  high 
compression  ratios  and  for  boards  of 
lathe-cut  flakes  at  low  compression  ratios. 
Thickness  swell  of  oak  and  hickory  boards 
was  inversely  correlated  with  resin  con- 
tent. Most  properties  of  red  oak  flake- 
boards  of  52.6  pcf  density  were  superior 
to  hickory  boards  of  this  density  but  were 
inferior  at  equivalent  compression  ratios. 

Overall,  use  of  disk  and  lathe 
flakers  yielded  boards  with  higher  bending 
strength  and  modulus  of  elasticity  for 
initial  test  condition  (50%  RH)  and  after 
accelerated  aging.  Internal  bond 
strength  of  boards  made  of  ring-cut  flakes 
(132  psi)  was  the  highest.  Despite  their 
higher  internal  bond  strengths,  boards 
made  of  ring-cut  and  drum-cut  flakes  were 
less  stable  after  being  subjected  to  en- 
vironmental conditioning  than  boards  made 
from  lathe-  and  disk-cut  flakes.  In 
general,  species  with  higher  wood  den- 
sities had  higher  measured  property 
values.  Also,  the  higher  density  species 
generally  had  a larger  percent  loss  in 
properties  after  aging. 
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Introduction 

Logging  residue  from  many  regions 
is  being  evaluated  by  the  Forest  Service 
to  provide  technical  data  on  the  feasi- 
bility of  using  such  residue  in  structur- 
al sheathing.  Western  residues  are  mostly 
from  softwoods;  small,  cull,  low-grade 
hardwoods  comprise  the  residue  from  the 
South.  Development  of  a structural 
panel  utilizing  the  western  residue  has 
been  the  concern  of  the  Forest  Products 
Laboratory  (FPL) . The  Southern  Forest 
Experiment  Station  (SO)  has  concentrated 
on  the  southern  residue.  Each  laboratory 
has  recommended  three- layer  panels,  but 
differences  in  flakes  and  particles  have 
dictated  different  layering  and  particle 
geometries . 

At  least  four  types  of  commercial 
machines  exist  for  producing  the  large 
quantities  of  flakes  required  for  struc- 
tural f lakeboards : the  disk,  drum,  and 

ring  flakers  and  the  shaping  - lathe 
headrig.  The  objective  of  this  study  was 
to  determine  the  characteristics  of 
structural  flakeboards  made  from  flakes 
produced  by  each  of  these  machines. 

Results  of  a screen  analysis  are 
given  in  Part  I.  Part  II  analyzes  the 
properties  of  panels  made  from  sweetgum, 
lodgepole  pine,  and  loblolly  pine  (low- 
density  species)  and  fabricated  at  com- 
pression ratios  (ratio  of  panel  density 
to  species  density)  of  1.25  and  1.50. 

Part  III  reports  the  properties  of  red 
oak  and  hickory  panels  fabricated  at  a 
compression  ratio  (CR)  of  1.25,  and  at  a 
second  CR  such  that  the  density  of  the 
panels  was  52.6  pounds  per  cubic  foot 
(pcf ) . In  Part  IV,  major  factors-- 
resin  content,  species,  and  flakers-- 
are  discussed  in  attempting  to  decide 
which  flaker  is  best  overall. 

Procedure 

Small-diameter  bolts  (about  7 inches) 
of  sweetgum  (Liquidambar  styracif lua  L.), 
red  oak  (Quercus  falcata  Michx . ) , 
mockernut  hickory  (Carya  tomentosa  Nutt.), 
and  loblolly  pine  (Pinus  taeda  L.)  were 
obtained  in  central  Louisiana.  Small- 
diameter  lodgepole  pine  (Pinus  contorta 
Dougl.)  logs  were  obtained  in  Colorado 
and  shipped  to  Louisiana.  Material  of 
each  species  was  randomly  divided  for 
flaking  with  a disk  flaker  located  at 
FPL,  ring  flaker  at  FPL,  shaping- lathe 
at  SO,  or  drum  flaker  at  Washington 
State  University.  Before  flaking,  all 
material  was  debarked  by  hand.  The 
flakers  were  calibrated  to  produce  flakes 
2.25  inches  long,  0.020  inch  thick,  and 
random  width.  Bolts  to  be  flaked  with 
the  ring  flaker  were  first  chipped  in  a 
drum  chipper  that  produced  chips  2.50 
inches  long  and  then  flaked.  The 
shaping- lathe  employed  circular  cams  de- 
creasing at  the  rate  of  1 inch  per 
revolution  down  to  a 4-inch  diameter. 


The  drum  flaker  feeding  mechanism  pivoted 
through  a small  angle. 

Lathe  flakes  were  dried  to  less  than 
101  moisture  content  and  shipped  to  FPL. 
Drum  flakes  were  shipped  green  to  FPL 
with  a small  amount  of  formaldehyde  added 
to  inhibit  mildew  and  fungus  contamina- 
tion. Before  panel  fabrication,  all 
flakes  were  dried  to  about  5%  moisture 
content  and  screened  through  2,  1,  1/2, 
1/4,  1/8,  and  1/16-inch  screens.  The 
material  that  passed  through  the  1/16- 
inch  screen  was  discarded  after  the  per- 
centage of  the  total  weight  that  it 
composed  was  calculated.  Accepted  flakes 
were  divided  into  equal  weight  fractions 
of  large  and  small  flakes;  three-layer 
boards  were  constructed  with  the  small 
flakes  in  the  core  and  large  flakes 
equally  divided  between  face  layers. 

For  each  species  and  flaker  combina- 
tion, two-panel  replications  were 
fabricated  for  each  of  two  resin  contents 
(51  and  81  based  on  ovendry  weight  of 
flakes)  and  two  densities.  For  all 
species  a panel  density  was  established 
at  a CR  of  1.25.  Additional  flakeboards 
of  sweetgum  and  both  pines  were  made  at 
a CR  of  1.50.  Additional  oak  and  hickory 
boards  were  pressed  to  52 . 6 pcf. 

Board  Manufacture 

Panel  manufacturing  conditions  were; 

Panel  size;  1/2  inch  by  24  inches 
by  28  inches 

Binder;  Phenol-formaldehyde  liquid 
resin 

Additive;  II  wax  emulsion  (based 
on  OD  weight  of  flakes) 

Mat  moisture  content;  9-101 
Mat  construction;  three-layer, 
with  the  small  flakes  in  the 
core  and  large  flakes  equally 
divided  between  face  layers 
Press  temperature;  540°F 
Press  cycle;  1 minute  to  thick- 
ness, then  pressure  necessary 
to  maintain  position 
Total  press  time;  8 minutes 
Postcure;  Immediately  after  press- 
ing, panels  were  hotstacked 
overnight  in  an  insulated  box. 

Testing  the  Panels 

After  manufacture,  the  unsanded 
panels  were  cut  into  test  specimens, 
conditioned  at  501  relative  humidity 
(RH) , and  tested  according  to  ASTM  D 
1037-72a  (1972).  Four  specimens  were 
tested  for  bending  at  501  RH  and  two 
after  accelerated  aging  (AA) . Bending 
strength  (MOR)  and  stiffness  (MOE)  or 
aged  specimens  were  calculated  based  on 
specimen  dimensions  before  aging. 

Two  internal  bond  (IB)  specimens 
were  cut  from  each  tested  bending  speci- 
men. Dimensional  stability  tests  were 
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performed  on  specimens  subjected  to 
ovendry  vacuum- pressure  soak  (OD-VPS) 
(Heebink  1967),  relative  humidity  ex- 
posure between  30  and  90%  at  80°F,  and 
24-hour  water  soak  (WS) . 

Results  and  Discussion 

Part  I --  Screen  Analysis  and  Resin 
Coverage 

The  percentage  of  fines  varied  sig- 
nificantly by  flaker  (figs.  1-5). 2 The 
ring  flaker  produced  from  21.4  to  25.6% 
fines  depending  on  the  species  (table  1) . 
Drum,  lathe,  and  disk  flakers  yielded 
7.7,  3.5,  and  2.2%  fines.  The  most  fines 
the  lathe  and  drum  flakers  produced  was 
in  cutting  oak  (6.9  and  12.4%).  The  disk 
flaker  made  most  fines  when  cutting 
lodgepole  pine  and  hickory  (3.2  and 
3.5%). 

From  the  material  that  was  to  be 
used  in  panel  fabrication,  50  flakes  per 
screen  size  were  measured  for  length, 
width,  and  thickness."^  Disk-cut  flakes 
had  the  smallest  surface  area  per  pound 
of  flakes  followed  by  the  lathe-cut 
flakes  (table  2).  Ring-cut  flakes  had 
the  largest  surface  area  per  pound 
except  for  loblolly  pine  for  which  drum 
flakes  had  the  largest.  Since  constant 
amounts  of  resin  were  applied  (5  or  8%) , 
resin  solids  applied  per  thousand  square 
feet  of  flake  surface  area  were  in- 
versely correlated  with  surface  area 
per  pound  of  flakes. 

A flake  length  to  thickness  ratio  of 
112.5  was  anticipated,  i.e.,  2.25-inch 
target  flake  length/0 . 0 20  - inch  target 
flake  thickness.  Although  very  few 
flakes  remained  on  the  2-inch  screen 
(table  1) , average  length  exceeded  2 
inches  for  flakes  remaining  on  screens 
as  small  as  1/2  inch.  In  general,  flake 
thickness  did  not  change  with  screen 
sizes  above  1/2  inch,  and  the  thinnest 
flakes  were  on  the  1/16-inch  screen. 
Except  with  the  disk  flaker,  the 
anticipated  length  to  thickness  ratio  of 
flakes  retained  on  1/2-inch  and  larger 
screens  was  achieved  (fig.  6).  The  low 
disk-flaker  ratio  occurred  because  flake 
thickness  exceeded  target  thickness;  the 
other  flakers  yielded  slightly  less  than 
target  thickness.  Dimension  ratio  varied 
more  for  core  flakes  than  face  flakes. 

Part  II.  Flaking  alternatives  for  low- 
density  species 

Bending  Strength  (MOR) 

The  interactions  of  resin  content 
with  flaker  type,  species  with  flaker 


2 

Statistical  data  for  the  study  are 
available  from  the  authors. 

^Tables  containing  these  data  are 
available  from  the  authors. 


type,  and  species  with  CR  were  signi- 
ficantly related  to  MOR  for  sweetgum, 
loblolly  pine,  and  lodgepole  pine. 

When  the  data  were  analyzed  by  flaker 
and  CR,  the  only  combination  having  a 
significant  interaction  was  drum-flake 
panels  with  low  CR. 

Increasing  resin  content  from  5 to 
8%  raised  MOR  an  average  of  15%  at  the 
lower  compression  ratio  and  10%  at  the 
higher  compression  ratio.  The  MOR  of 
the  ring-flake  panels  increased  20%  with 
resin  content;  the  MOR  of  disk-flake 
panels  increased  least  (3%) . The  MOR 
increased  12  and  14%  in  lathe-  and  drum- 
flake  panels. 

Expressing  panel  densities  as  CR, 
averaging  the  resin  contents,  and  assuming 
a linear  relationship  with  MOR  over  the 
CR  data  range  allowed  analysis  of  the 
species  with  flaker  interaction- -without 
the  confounding  effect  of  fabrication 
CR  variability  (table  3,  figs.  7 and  8). 
Lodgepole  pine  panels  made  from  lathe 
flakes  had  higher  initial -condition 
(50%  RH)  bending  strength  than  lodgepole 
pine  panels  made  of  the  other  flakes. 
Although  the  ring-  and  disk-flake 
lodgepole  pine  panels  had  lower  initial 
MOR  values,  both  had  higher  AA  values 
than  the  lathe-flake  panels  at  high  CR. 

In  both  initial  and  AA  tests,  the  drum- 
flake  panels  had  lower  MOR  than  the 
lathe-flake  panels. 

With  one  exception  (loblolly  pine 
panels  at  low  CR  after  AA) , loblolly 
pine  and  sweetgum  panels  of  drum-cut 
flakes  had  the  lowest  MOR  for  the  initial 
condition  and  after  AA.  Under  initial 
conditions,  loblolly  panels  of  disk 
flakes  at  low  CR  and  of  lathe  flakes  at 
high  CR  had  high  MOR's.  The  values  for 
ring  panels  were  intermediate  at  low 
and  high  CR.  After  AA,  the  disk  panels 
maintained  the  high  MOR  for  loblolly 
panels  at  low  CR,  but  the  ring  panels  had 
the  highest  MOR  at  high  CR.  For  sweetgum, 
the  disk  was  high  at  the  high  CR  and 
ring  panels  at  low  CR. 

The  ring-flake  panels  under  initial 
conditions  had  MOR's  proportional  to  the 
densities  of  the  species  (table  3). 

Panels  made  of  lathe-cut  and  drum-cut 
flakes  showed  little  variation  among 
species  in  initial  MOR.  Panels  of  drum- 
cut  flakes  had  the  lowest  MOR  for  all 
species  and  the  slope  of  the  MOR/CR 
relationship  increased  with  species 
density . 

Modulus  of  Elasticity  (MOE) 

An  increase  in  resin  content  did  not 
increase  average  MOE  as  much  as  it  did 
average  MOR;  the  increase  in  MOE  was  7.4% 
and  the  increase  in  MOR  was  12%.  In- 
creasing resin  content  from  5 to  8% 
increased  MOE  of  ring-flake  panels  13.5%. 
Drum-flake  panels  had  an  8.7%  increase; 
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Table  2. --Flake  surface  area  and  resin  solids  per  unit  flake  area 


SQUARE  FEET  OF  SURFACE  AREA 

RESIN  SOLIDS  PER  1000  SQ.  FT. 
OF  FLAKE  SURFACE  AREA 

Per  pound 

of  flakes 

Per  panel^'^ 

5%  Resin  8%  Resin 

Species  and  Flaker 

2 

1 

1/2 

+1/4"  1/8  1/16 

Face  Core 

Face  Core  Face  Core 

Pounds 


SWEET  GUM 


Disk 

30.08 

35.27 

41.05 

45.61 

62.80 

74.32 

132.97 

156.07 

1.418 

1.208 

2.269 

1.933 

Drum 

- 

52.32 

53.91 

58.32 

80.15 

91.30 

207.32 

269 . 50 

0.909 

0.699 

1.455 

1.119 

Lathe 

- 

47.25 

51.30 

55.05 

58.78 

86.42 

178.13 

192.90 

1 .058 

0.977 

1.693 

1.563 

Ring 

- 

48.69 

58.39 

72.99 

80.11 

86.21 

272.66 

313.71 

0.691 

0.601 

1.106 

0.961 

LOBLOLLY  PINE 

Disk 

35.49 

34.58 

34.90 

40.41 

50.32 

58.11 

125.53 

132.61 

1 .446 

1.369 

2.314 

2.190 

Drum 

- 

81.35 

82.68 

83.20 

93.62 

103.78 

297.57 

319.48 

0.610 

0.568 

0.976 

0.909 

Lathe 

- 

49.67 

51.96 

55.46 

60.76 

82.45 

185.71 

206.85 

0.977 

0.877 

1.564 

1 .404 

Ring 

- 

62.74 

70.29 

71.30 

80.85 

90.93 

266.88 

315.44 

0.680 

0.575 

1.088 

0.921 

LODGEPOLE  PINE 


Disk 

45.46 

51.51 

50.49 

75.64 

96.33 

102.83 

147.83 

184.73 

0.971 

0.777 

1.553 

1.243 

Drum 

68.67 

73.80 

75.25 

94.26 

106.79 

120.35 

211.81 

259.98 

0.678 

0.552 

1.084 

0.883 

Lathe 

53.51 

73.46 

83.69 

88.19 

98.29 

127.69 

210.83 

243.97 

0.681 

0.588 

1.089 

0.941 

Ring 

- 

82.56 

87.34 

100.41 

107.65 

128.72 

282.10 

338.78 

0.509 

0.424 

0.814 

0.678 

RED  OAK 

Disk 

19.92 

29.34 

31.38 

32.36 

42.51 

59.85 

138.43 

153.70 

1.683 

1.516 

2.693 

2.426 

Drum 

- 

46.14 

46.11 

• 52.55 

73.62 

78.04 

228.26 

310.46 

1.021 

0.751 

1.633 

1.201 

Lathe 

- 

37.86 

46.88 

57.61 

63.39 

83.86 

229.26 

291.17 

1.016 

0.800 

1.626 

1.280 

Ring 

- 

- 

51.58 

75.04 

79.10 

84.48 

355.94 

386.15 

0.655 

0.603 

1.047 

0.965 

HICKORY 

Disk 

_ 

22.30 

22.01 

25.94 

31.87 

52.21 

122.92 

166.62 

2.269 

1.674 

3.630 

2.678 

Drum 

- 

35.60 

35.44 

41 .98 

43.61 

74.28 

221.85 

287.15 

1.257 

0.971 

2.011 

1.554 

Lathe 

26.20 

30.50 

33.39 

34.98 

38.75 

75.70 

174.96 

205.24 

1.594 

1.359 

2.550 

2.174 

Ring 

- 

- 

63.80 

65.59 

65.70 

73.97 

365.61 

394.13 

0.763 

0.708 

1.221 

1.132 

1/ 

The  panels  were 

1/2  inch  by  24  inches  by  28 

inches 

for  1.25  compression 

ratio. 
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disk-flake  panels,  a 5.31  increase;  and 
lathe-flake  panels,  a 2.7%  increase. 

The  increase  in  MOE  of  ring-  and  drum- 
flake  panels  caused  by  adding  resin  were 
significant  for  all  test  condition-CR 
combinations,  but  the  MOE  of  disk-panels 
significantly  increased  only  at  low  CR 
under  initial  conditions.  Increasing 
resin  content  did  not  affect  the  MOE 
of  lathe-flake  panels. 

As  with  MOR,  assuming  a linear  re- 
lationship between  MOE  and  CR,  and 
averaging  the  two  resin  contents  allowed 
analyses  of  f laker-species  interactions 
without  the  confounding  effect  of 
fabrication  CR  variability  (table  3, 
figs.  9 and  10).  At  initial  condition, 
the  lathe  produced  the  stiffest  lodgepole 
and  loblolly  pine  panels  at  the  high  CR. 
After  AA,  the  only  species  for  which 
lathe-flake  panels  were  stiffest  was 
lodgepole  pine  at  the  low  CR.  Disk-  and 
ring-flake  panels  had  highest  MOE  for 
all  other  species,  test  conditions,  and 
CR's.  The  drum-flake  panels  generally 
had  the  lowest  or  next  to  the  lowest  MOE 
for  all  species  and  test  conditions. 
Lathe-flake  panels  showed  least  varia- 
tion in  MOE  among  species  and  the  ring- 
flake  panels  were  particularly  correlated 
with  species  density. 

Internal  Bond  (IB) 

Interactions  of  resin  content  with 
species  and  flaker,  and  interactions 
of  flaker  and  compression  ratio  were 
significant  for  initial  and  AA  tests. 

One  explanation  for  the  complicated 
interactions  may  be  differences  in 
resin  coverage  among  panel  types.  For 
example,  at  initial  condition  boards 
made  from  drum  flakes  had  a substantial 
species-CR  interaction  in  which  the  IB's 
of  sweetgum  panels  were  correlated  with 
CR,  but  the  IB's  of  loblolly  and  lodge- 
pole  pine  panels  were  not  (fig.  11). 

Large  sweetgum  flakes  were  passed  through 
a drum  chipper  to  reduce  their  width 
(see  footnote  2 of  table  1),  but  large 
flakes  of  lodgepole  and  loblolly  pines 
were  not.  Putting  the  sweetgum  flakes 
through  the  drum  chipper  may  have  allowed 
them  to  receive  more  uniform  resin  dis- 
tribution. Surface  area  per  pound  of 
material  and  material  bulk  density  also 
may  have  affected  resin  distribution. 

Whether  one  relates  flakers  to  in- 
dividual species  or  to  the  average  of 
all  three  species,  ring-flake  panels  had 
highest  IB  followed  by  disk-,  lathe-,  and 
drum-flake  panels  (figs.  11  and  12).  The 
3%  resin  content  increase  generally  in- 
creased IB  of  panels  under  initial  and 
AA  conditions;  the  average  increase  was 
31%  for  initial  IB  (68  to  89  psi)  and 
111%  after  AA.  The  significant  interac- 
tion of  resin  content  with  species  meant 
that  the  higher  density  species,  loblolly 
pine  and  sweetgum,  had  smaller  increases 
in  initial  IB  with  increased  resin,  i.e., 
lodgepole  pine  had  a 44%  increase. 


loblolly  pine  34%,  and  sweetgum  17%. 

Lodgepole  pine  panels  made  with  ring, 
disk,  or  lathe  flakes  had  lowest  IB  of 
the  three  species  (table  3).  Lodgepole 
and  loblolly  pine  panels  of  drum  flakes 
had  about  the  same  IB's.  Loblolly  pine 
panels  of  ring  or  lathe  flakes  generally 
had  a higher  IB  than  sweetgum  for 
equivalent  CR's.  Sweetgum  panels  had 
highest  IB's  among  panels  made  of  disk- 
cut  flakes.  After  AA,  the  IB's  were 
drastically  reduced.  However,  thespecies- 
flaker  relationships  generally  remained 
the  same  as  the  initial  relationship. 

Linear  Expansion  (LE) 

Linear  expansion  data  were  strati- 
fied by  each  major  variable  for  the  three 
environmental  treatments  (table  4) . For 
all  experimental  conditions,  the  OD-VPS 
treatment  caused  most  LE  and  the  WS 
least  LE.  With  few  exceptions,  if  a 
change  in  LE  occurred  as  the  CR  increased, 
LE  increased  for  30  to  90%  RH  and  de- 
creased for  WS  and  OD-VPS  (fig.  13). 

Panels  made  of  lathe  flakes  had  less 
LE  than  any  of  the  other  panels  for  all 
species  under  the  OD-VPS  cycle.  For  30 
to  90%  RH , drum  flake  panels  had  the  least 
LE  for  lodgepole  pine,  lathe-flake  panels 
for  loblolly  pine,  and  ring-  and  lathe- 
flake  panels  were  about  the  same  for 
sweetgum  (table  4).  In  the  WS  cycle, 
lathe-flake  and  disk-flake  panels  had  the 
least  LE  at  low  CR  for  lodgepole  and 
loblolly  pines  and  lathe-flake  panels  had 
least  LE  at  both  CR's  for  sweetgum. 
Lodgepole  and  loblolly  pine  panels  of 
disk  flakes  had  lowest  LE  at  high  CR  in 
the  WS  cycle. 

Lodgepole  pine  generally  had  the 
least  LE  for  the  OD-VPS  condition  for  all 
flakers  (fig.  13).  In  general,  LE  did  not 
increase  greatly  with  increasing  CR; 
exceptions  were  lathe-flake  panels  of 
loblolly  given  the  OD-VPS  cycle  and  lob- 
lolly ring-  and  disk-flake  panels  given 
30  to  90%  RH  cycle. 

Thickness  Swell  (TS) 

In  general,  30  to  90%  RH  caused  the 
least  TS , WS  caused  slightly  more,  and 
the  OD-VPS  caused  about  twice  as  much  TS 
as  the  30  to  90%  RH  cycle.  Increasing 
resin  content  had  least  effect  under  test 
conditions  that  caused  the  least  TS; 
adding  to  the  resin  content  decreased  TS 
by  2.7,  4.0,  and  7.6%  for  30  to  90%  RH, 

WS,  and  OD-VPS  cycles. 

The  drum-flake  panels  had  no  combina- 
tion of  species  and  test  cycle  that 
produced  a low  TS  (table  4).  Disk-flake 
panels  made  with  sweetgum  flakes  had  a TS 
tor  the  30  to  90%  RH  cycle  close  to  the 
lathe's.  Especially  at  the  high  CR,  lob- 
lolly and  lodgepole  pine  disk-flake  panels 
had  little  TS  for  the  WS.  Ring-flake 
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panels  had  least  TS  for  the  OD-VPS  cycle 
when  made  of  lodgepole  pine  at  the  high 
CR.  In  all  other  cases,  the  lathe  panels 
had  least  TS. 

Part  III  --  Flaking  Alternatives  for  High 
Density  Species 

Bending  Strength  (MOR) 

At  the  target  density  of  52.6  pcf, 
type  of  flaker,  resin  content,  and 
species  affected  bending  strength.  The 
5%  addition  of  resin  resulted  in  an  181 
strength  increase  for  initial  condition 
(table  5).  Panels  with  high  resin  con- 
tent retained  73°»  of  their  initial  bend- 
ing strength  after  .AA;  panels  with  low 
resin  content  retained  only  651  of  their 
initial  bending  strength  after  AA. 

Since  the  bending  strengths  of 
panels  of  the  two  species  were  signifi- 
cantly different,  the  panels  of  the  two 
species  were  fabricated  at  different 
CR's;  thus,  an  analysis  of  the  effect  of 
CR  on  bending  strength  for  different 
fl aker - species  combinations  was  possible 
(table  6,  fig.  14).  Besides  the  52.6 
pcf  density,  red  oak  panels  were  tar- 
geted to  be  made  at  47.6  pcf  and  hickory 
panels  at  57.6  pcf.  Although  the 
fabrication  densities  differed  from  the 
52.6  pcf  by  only  5 pcf,  a linear  rela- 
tionship over  the  plotted  CR  range  was 
assumed . 

The  lathe-flake  panels  were  usually 
strongest  for  the  two  species  and  both 
test  conditions  (table  6) . The  ring- 
flake  panels  usually  were  next  strongest. 
Slopes  of  disk-  and  ring-flake  panels 
were  similar  (fig.  14).  Drum-flake  panels 
had  steep  slopes  and  were  usually 
weakest  at  low  CR , but  their  strength 
approached  that  of  lathe-flake  panels 
at  high  CR. 

Hickory  panels  were  stronger  than 
red  oak  panels  at  equivalent  CR's  and 
had  steeper  slopes.  At  equivalent  panel 
densities,  e.g.,  52.6  pcf,  red  oak  panels 
were  usually  slightly  stronger  than 
hickory  panels. 

Modulus  of  Elasticity  (MOE) 

The  average  MOE ' s for  panels  of  the 
four  flakers  fabricated  at  52.6  pcf 
ranged  from  748,000  to  848,000  psi  at 
initial  test  condition,  and  from  515,000 
to  628,000  psi  after  AA  (table  5). 

The  MOE's  of  drum-flake  panels  were  low- 
est among  flakers  for  initial  and  AA 
conditions;  lathe  panels  generally  had 
the  highest  MOE  for  the  two  species  and 
both  test  conditions  (fig.  15). 

Resin  content  significantly  affected 
MOE,  but  panels  with  8%  resin  content 
also  were  denser  than  those  with  5%  resin 
content  (table  5) . Boards  with  high 
resin  content  had  a specific  modulus 


(MOE/dens ity)  that  was  8%  higher  than 
panels  with  low  resin  content;  moreover, 
the  panels  with  high  resin  content  re- 
tained a higher  proportion  of  their 
strength  after  AA  than  those  with  low 
resin  content. 

Resin  content  and  species  were  sig- 
nificantly related  to  MOE  of  lathe-flake 
panels  under  both  test  conditons.  Initial 
strength  of  ring-flake  and  disk-flake 
panels  varied  with  species;  strength  of 
these  panels  after  AA  varied  only  with 
resin  content.  Using  average  resin  con- 
tent, species  and  species -flaker  effects 
were  obtained  for  a CR  range  (fig.  15). 

At  an  equivalent  CR,  hickory  panels  were 
stiffer  than  red  oak  panels.  Also,  the 
average  slope  of  the  four  flakers  for  the 
hickory  panels  was  steeper  for  both  test 
conditions  than  the  average  slope  of  the 
red  oak  panels.  Disk-flake  panels  of 
red  oak,  however,  had  a steeper  slope  than 
hickory  panels  at  initial  condition. 

After  AA,  ring-  and  lathe-flake  panels 
of  red  oak  had  steeper  slopes  than  the 
corresponding  hickory  panels. 

Internal  Bond  (IB) 

At  52.6  pcf  the  ring-flake  panels 
had  highest  IB  under  all  circumstances 
except  for  panels  fabricated  at  5%  resin 
content  and  exposed  to  accelerated  aging 
(fig.  16).  At  the  low  resin  content 
after  AA  the  range  of  the  IB  for  the  four 
flakers  was  only  7 psi.  The  IB's  of  the 
disk,  lathe,  and  drum  panels  were  similar, 
except  for  the  lathe-flake  panel  at  81 
resin  content  under  initial  conditions. 

Although  red  oak  panels  had  a higher 
IB  than  hickory  panels  at  equivalent 
densities,  IB  of  hickory  panels  generally 
exceeded  that  of  red  oak  panels  at 
equivalent  CR's  (table  6,  fig.  17). 

Panels  made  of  ring  flakes  had  highest 
initial  IB's  for  both  species  over  the 
range  of  CR's. 

Linear  Expansion  (LE) 

In  all  cases,  the  OD-VPS  values  for 
LE  were  highest,  followed  by  the  30  to  901 
RH  values,  and  then  the  24-hour  WS 
(tables  5 and  7) . For  all  three  tests 
the  only  factor  that  was  significant  by 
itself  was  flaker  type.  In  most  panels 
additional  resin  did  not  decrease  LE. 

Red  oak  and  hickory  fabricated  at  ap- 
proximately 52.6  pcf  had  equivalent  LE ' s , 
but  generally,  over  the  CR  range,  red  oak 
had  a slightly  lower  LE  than  hickory  (fig. 
18). 

The  drum -flake  panels  had  an  LE  that 
was  either  uniform  or  that  decreased  with 
increasing  CR  for  30  to  90%  RH  and  OD- 
VPS  (fig.  18).  A decrease  also  occurred 
for  disk-flake  panels  of  red  oak  under 
the  30  to  90%  RH  test.  At  high  CR,  the 
drum-flake  panels  had  the  lowest  LE.  The 
ring-  and  lathe-flake  panels  had  similar 
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Table  5. — Average  strength  and  dimensional  stability  properties  for  red  oak  and  hickory  panels  fabricated  at  a 
target  density  of  52,6  pcf  with  flakes  cut  froin  four  tiakefT 


Panel  density 
at  50%  RH 

MOR 

MOE 

IB 

Linear 

expansion 

Thickness  swell 

INIfl 

' AA^ 

INIT 

AA 

INIT 

AA 

30-90%  RH 

24-HR  WS’ 

OD-VPS' 

30-90.-  RH 

24-HR  WS 

OD-VPS 

£Cf 

— -eii— 

-1000 

psi- 

-— eii- 

.... 

Overal 1 

52.4 

6641 

4586 

793 

564 

167 

34 

.20 

.03 

.30 

12.9 

10.5 

28.9 

Flaker 

Ring 

51.3 

6601 

4537 

756 

561 

219 

44 

.18 

.03 

.32 

13.5 

14.4 

33.0 

Disk 

52.7 

6277 

4379 

820 

552 

129 

30 

.23 

.02 

.34 

11.7 

9.0 

28.4 

Lathe 

53.3 

7604 

5263 

848 

628 

167 

29 

.21 

-.01 

.26 

9.9 

8.4 

24.2 

Drum 

52.2 

6084 

4164 

748 

515 

154 

33 

.17 

.06 

.29 

16.5 

10.5 

30.1 

Species  y 

RO 

52.2 

7009 

4789 

864 

605 

175 

35 

.19 

.03 

.30 

12.0 

8.9 

28.2 

HI 

52.5 

6274 

4383 

722 

523 

160 

33 

.20 

.03 

.31 

13.8 

12.2 

29.7 

Resin  % 

5 

51.7 

6091 

3944 

757 

514 

138 

22 

.20 

.02 

.31 

14.3 

12.6 

33.9 

8 

53.0 

7192 

5228 

829 

614 

196 

46 

.20 

.03 

.30 

11.4 

8.5 

23.9 

y Ini ti al 

= 50%  RH  test 

; condition. 

AA  = 

after 

acclerated 

aging, 

, 24-HR  WS 

= 24-hour  water  soak 

. OD-VPS 

= ovendry 

vacuum- 

pressure  soak 

y 9Q  = Red  oak,  HI  = Hickory 


Table  6. --Strength  properties  of  red  oak  and  hickory  panels  made  from 
flakes  cut  on  four  types  of  f lakers 


Flaker 

Specie si/ 

Panel 
density 
at  50%  RH 

Bending  strength 

Modulus  of  elasticity 

Internal  bond 

Initial?/ 

aaI/ 

Initial  AA 

Initial  AA 

— gcf — 

— -£Si- 

— 

1000  psi 

— - £il— 

Ring 

RO 

46.4 

5393 

3758 

697.7  485.9 

168  37 

50.9 

6590 

4462 

799.0  578.6 

218  40 

HI 

51  .7 

6634 

4613 

713.6  543.1 

221  47 

55.0 

7347 

5103 

821.1  589.0 

232  39 

Di  sk 

RO 

48.4 

5416 

3876 

764.6 

494.0 

75 

28 

52.9 

6715 

4559 

899.7 

574.5 

108 

23 

HI 

52.6 

5834 

4198 

740.5 

528.6 

150 

37 

56.7 

6756 

4821 

792.6 

600.3 

160 

36 

Lathe  RO 

48.6 

6625 

4307 

800.9 

572.9 

174 

23 

53.3 

8070 

5470 

902.7 

677.0 

205 

30 

HI 

53.2 

7138 

5057 

792.4 

579.7 

128 

27 

56.0 

8206 

5527 

863.4 

609.2 

177 

30 

Drum 

RO 

49.4 

51.7 

5409 

6662 

3906 

4664 

744.6 

854.2 

538.0 

589.9 

122 

168 

20 

45 

HI 

52.7 

55.1 

5507 

6849 

3664 

4548 

641  .4 
772.5 

441 .0 
539.5 

140 

177 

22 

27 

]_/  RO  = Red  oak,  HI  = Hickory. 
y Initial  = 50%  RH,  AA  = After  accelerated  aging. 


Table  7. --Dimensional  stability  properties  of  red  oak  and  hickory  panels  made 
from  flakes  cut  on  four  types  of  flakers 


Flaker:Speciesl/ ; 

Linear  Expansioq. 

Thickness 

swel  1 

Cr2/  : 

: 30-90",  RH:  24' 

-HR  WSi': 

OD-VRS^O 

30-90 

RH:  24-HR 

WS  : 

OD-VPS 

Ring  RO 

1.21 

.16 

.08 

.30 

14.4 

15.7 

32.1 

1.33 

.18 

.00 

.31 

14.1 

11.7 

34.1 

HI 

1.13 

.19 

.08 

.33 

12.9 

17.1 

31  .9 

1 .20 

.22 

.06 

.42 

10.4 

19.3 

34.9 

Disk 

RO 

1.26 

.22 

.02 

.28 

12.1 

10.2 

27.4 

1.38 

.19 

.01 

.31 

10.8 

8.0 

29.0 

HI 

1.15 

.27 

.02 

.38 

12.6 

9.8 

27.9 

1 .24 

.31 

.01 

.39 

11.5 

7.8 

30.1 

Lathe 

RO 

1 .27 

.17 

.04 

.24 

11.7 

9.1 

23.2 

1.39 

.22 

.02 

.28 

8.8 

7.5 

24.5 

HI 

1.16 

.21 

-.04 

.24 

11.1 

9.2 

23.9 

1.22 

.24 

.00 

.30 

12.2 

8.2 

24.7 

Drum 

RO 

1 .29 

.19 

.09 

.30 

15.5 

9.6 

28.1 

1.35 

.20 

.06 

.27 

14.5 

8.6 

25.3 

HI 

1.15 

.20 

.05 

.31 

17.8 

10.2 

37.9 

1 .20 

.14 

.06 

.31 

18.5 

12.4 

35.0 

y RO  - Red  Oak,  HI  = Hickory, 


2/ 

CR  = Compression  ratio 

y 24  HR  WS  = 24-hour  water  soak;  OD-VPS  = ovendry-vacuum  pressure  soak. 

Table  8.  — Strength  and  dimensional  stability  properties  of  panels  made  from  flakes  of  five  species.  Flakes  were  produced 
on  four  flokers  and  panels  were  pressed  to  a 1.25  compression  ratio 
Density  at 


50% 

, rh"' 

KOR 

HOE 

IB 

Linear  Expansion 

Thickness  Swell 

init' 

INIT' 

AA' 

INIT 

AA 

30-90%  RH 

24-HR  WS' 

OD-VPS'  30-90%  RH 

24  HR  WS 

OD-VPS 

pet 

— 

£Sl— 

lUUU 

_eil 

— 

Percent 

Overall 

42.6 

5016 

3825 

647 

499 

105 

27 

0.17 

0.07 

0;27 

13.9 

15.8 

27.4 

Flaker 

Ring 

41.1 

4803 

3684 

610 

480 

132 

34 

.16 

.09 

.31 

14.4 

19.0 

29.5 

Disk 

42.9 

4988 

3934 

665 

530 

96 

33 

.20 

.05 

.28 

13.0 

13.6 

26.3 

Lathe 

43.1 

5565 

4083 

685 

514 

104 

21 

.15 

.04 

.22 

12.1 

13.2 

23.5 

Drum 

43.3 

4706 

3600 

629 

473 

87 

20 

.16 

.09 

.27 

15.9 

17.2 

30.2 

Species 

LP 

30.9 

3717 

3252 

525 

458 

58 

23 

.12 

.08 

.21 

14.3 

19.4 

24.2 

LL 

39.4 

4226 

3475 

579 

477 

70 

31 

.12 

.09 

.22 

13.9 

21.0 

24.8 

SG 

39.8 

4136 

3438 

567 

455 

72 

22 

.17 

.08 

.27 

14.2 

15.9 

,^8.3 

RO 

48.2 

5711 

3962 

752 

523 

135 

27 

.18 

.06 

.28 

13.4 

11.1 

27.8 

HI 

55.7 

7290 

4999 

812 

585 

189 

33 

.24 

.03 

.35 

13.5 

11.4 

31.9 

Resin  % 

5 

42.2 

4643 

3415 

623 

463 

86 

16 

.16 

.06 

.26 

15.4 

18.0 

31.6 

8 

43.0 

5389 

4235 

671 

536 

123 

39 

.17 

.08 

.28 

12.3 

13.5 

23.2 

1/  INIT  = 50%  RH  test  condition  . 2/  LP  = lodgepole  pine,  LL  = loblolly  pine, 

AA  = after  accelerated  aging.  SG=  sweetgum,  RO  = red  oak,  HI  = hickory. 

24- HR  WS  = 24=hoor  water  soak  . 

OD-VPA  = ovendry  vacuum-pressure  soak  . 
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LE's  that  were  usually  lower  than  those 
of  the  drum-  or  disk-flake  panels. 

Thickness  Swell  (TS) 

Unlike  with  linear  expansion,  resin 
content,  species,  and  flaker  significant- 
ly affected  TS  for  the  three  test  condi- 
tions. Interactions  affected  TS  for  the 
30  to  90%  RH  and  OD-VPS.  In  all  cases, 
the  OD-VPS  cycle  caused  the  most  TS. 

Lathe-  and  disk-flake  panels  had 
least  TS  for  all  three  tests  (table  5). 
Except  for  the  30  to  90%  RH  cycle,  ring- 
flake  panels  had  greatest  TS.  The  TS 
of  ring-flake  panels  from  the  WS 
exceeded  that  from  the  30  to  90%  RH 
cycle . 

Red  oak  panels  fabricated  at  a 
density  of  52.6  pcf  had  less  TS  than 
hickory  panels  (table  5).  Under  the 
OD-VPS  evaluation,  red  oak  panels  yielded 
lower  TS  and  a lower  rate  of  TS  change 
per  CR  change  than  hickory  panels  of 
all  flake  types  (table  7,  fig.  18). 

With  both  species,  TS  of  lathe-,  disk-, 
and  ring-flake  panels  increased  with  CR 
for  the  OD-VPS  cycle;  TS  of  drum-flake 
panels  decreased. 

The  30  to  90%  RH  environment  caused 
a slight  decrease  in  TS  with  increasing 
CR  for  all  red  oak  panels  and  for  disk- 
and  ring-flake  hickory  panels.  For  the 
lathe-  and  drum-flake  panels  of  hickory, 
low  CR  yielded  low  TS. 

Except  for  disk-flake  panels  sub- 
jected to  30  to  90%  RH  and  ring-flake 
panels  subjected  to  WS,  resin  content  was 
a significant  factor  for  the  individual 
flakers.  Increasing  resin  decreased  TS 
an  average  of  2.9,  4.1,  and  10%  for  30 
to  90%  RH,  WS,  and  OD-VPS.  The  largest 
decrease  occurred  for  ring-flake  panels 
followed  by  drum-,  lathe-,  and  disk- 
flake  panels  (fig.  19).  Lathe-flake 
panels  had  the  lowest  TS  for  all  test 
conditions  at  equivalent  resin  contents. 

Part  IV.--  Selecting  a Flaker:  Comparing 

the  Five  Species 

Based  on  observed  means  of  panels 
fabricated  at  12.5  CF , this  section 
presents  major  trends  and  effects  to 
allow  an  assessment  of  the  flakers. 

Bending  Strength  (MOR) 

Panels  of  lathe  flakes  had  the 
highest  average  strength  followed  by 
disk-,  ring-,  and  drum-flake  panels  for 
initial  (50%  RH)  and  accelerated  aging 
test  conditions  (table  8).  Accelerated 
aging  lowers  bending  strength  of  panels 
from  all  the  flakers.  Lathe-flake  panels 
were  strongest  for  the  species  with  the 
lowest  specific  gravity  (lodgepole  pine) 
and  the  two  species  with  the  highest 
specific  gravities  (table  9) . Loblolly 


pine  and  sweetgum  panels  made  from  disk 
flakes  were  strongest.  Although  the 
lathe-  and  disk-flake  panels  were 
strongest  overall,  each  also  had  a panel 
of  one  species  that  was  weakest,  i.e., 
hickory  for  the  disk  and  loblolly  pine 
for  the  lathe. 

Increasing  resin  content  from  5 to 
8%  raised  MOR  an  average  of  16%;  after 
accelerated  aging,  MOR  was  24%  higher 
for  the  8%  resin  content  than  for  the 
5%.  By  increasing  resin  content,  bending 
strength  for  lathe-  and  disk-flake  panels 
increased  14.3%  and  10.8%,  while  the  ring- 
and  drum-flake  panels  had  a 19.0%  increase. 
Except  with  lathe-flake  panels,  the 
greatest  strength  increase  caused  by 
increasing  resin  content  occurred  with 
hickory;  lodgepole  pine  had  the  largest 
strength  increase  for  the  lathe-flake 
panels . 

Modulus  of  Elasticity  (MOE) 

The  MOE  trends  were  similar  to  those 
of  bending  strength.  An  increase  in  resin 
content  increased  MOE  of  all  except  lathe 
panels.  At  the  higher  resin  content,  both 
the  ring-  and  drum-flake  panels  yielded 
10.4%  increase  in  MOE,  but  the  disk  had 
only  an  8.0%  increase.  The  average  MOE 
increase  of  the  lathe  -flake  panels  was 
smallest  (2.3%),  but  lodgepole  pine  panels 
fabricated  with  lathe  flakes  had  the 
greatest  (18.2%)  increase  with  increased 
resin  content. 

Panels  of  different  species  fabri- 
cated at  the  target  compression  ratio  (CR) 
of  1.25  did  not  produce  the  same  MOE. 
Hickory,  then  red  oak,  had  the  highest 
average  MOE ' s and  the  highest  MOE  for 
each  flaker  (table  9) . The  lathe  pro- 
duced the  stiffest  panel  for  high  and  low 
density  species  and  the  disk  for  the  two 
intermediate  species  (sweetgum  and  lob- 
lolly pine) . The  data  indicated  that  as 
species  density  increases,  the  CR  can 
decrease  to  obtain  equivalent  properties. 
For  instance,  hickory,  fabricated  at  the 
lowest  CR  (1.21),  was  stiffest.  Hickory 
and  red  oak  could  have  been  fabricated 
at  even  lower  CR's  to  obtain  stiffness 
values  equal  to  those  of  the  other  species. 

Internal  Bond  (IB) 

The  ring-flake  panels  had  the  highest 
IB  for  50%  RH  and  after  accelerated  aging 
(table  8).  At  50%  RH , the  ring-flake 
panels'  IB  was  28  psi  higher  than  the 
lathe-flake  panels'  IB,  which  was  next 
highest.  The  IB's  of  the  ring-  and  disk- 
flake  panels  after  aging  differed  by  only 
one  psi  and  were  greater  than  the  IB's 
of  the  lathe-flake  and  drum-flake  panels. 

As  species  density  increased,  initial 
IB  increased  from  58  psi  to  189  psi 
(table  8) , indicating  that  an  individual 
IB-CR  relationship  may  exist  for  each 
species.  After  accelerated  aging,  however. 
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1, 


lodgepole  pine,  LL  = loblolly  pine,  SG  - sweetgum,  RO  = red  oak, 


high-density  species  had  a much  greater 
drop  in  IB.  The  decrease  resulted  in 
only  an  11  psi  IB  range  among  species. 
These  relationships  generally  held  for 
panels  of  all  species  made  from  indi- 
vidual flakers. 

Linear  Expansion  (LE) 

Except  for  drum-flake  panels  of 
lodgepole  pine,  the  24-hour  water  soak 
(WS)  condition  produced  less  LE  than  30 
to  901  RH.  The  OD-VPS  caused  more  LE 
than  either  of  the  other  test  conditions 
for  all  experimental  factors  (table  8) . 
Increasing  resin  content  increased  LE 
only  0.01%  for  the  30  to  90%  RH  condi- 
tion and  0.02%  for  the  WS  and  OD-VPS 
conditions.  The  effect  of  resin  content 
on  LE  also  depended  on  flaker  type. 

In  general,  as  species  density 
increased,  LE  based  on  OD-VPS  and  30  to 
90%  RH  increased,  but  LE  based  on  WS 
decreased  (tables  8 and  10).  If  all 
species  are  averaged,  the  lathe-flake 
panels  had  the  lowest  LE  values  for  all 
three  test  conditions  (table  8) . The 
lathe-flake  panels  of  all  species  ex- 
panded less  under  OD-VPS  than  panels 
made  from  flakes  produced  by  the  other 
flakers  (table  10).  Except  for  red  oak 
panels,  lathe-flake  boards  expanded 
less  under  the  WS  (table  10).  However, 
for  30  to  90%  RH , loblolly  pine  was  the 
only  species  with  lowest  LE  among  lathe- 
flake  panels.  Thus,  to  select  the 
flaker  that  would  yield  the  least  LE, 
species  and  test  conditions  should  be 
considered.  But,  generally,  the  lathe 
was  best  (less  than  0.25%  regardless  of 
test  conditions). 

Thickness  Swell  (TS) 

The  largest  amount  of  TS  occurred 
under  OD-VPS  conditions  (table  8) . An 
increase  in  resin  content  decreased  TS 
by  3,  5,  and  8%  for  30  to  90%  RH , WS, 
and  OD-VPS  conditions.  The  TS  for  the 
ring-flake  panels  after  WS  exceeded  the 
TS  of  drum-flake  panels.  Otherwise  the 
order  of  increasing  TS  for  all  three 
conditions  was  the  lathe-  , disk-  , ring-  , 
and  drum-flake  panels. 

As  species  density  increased,  a 
trend  toward  increased  TS  for  OD-VPS 
was  evident.  In  the  WS,  TS  varied  in- 
versely with  wood  density.  Under  the 
30  to  90%  RH  test,  the  species  displayed 
a fairly  uniform  TS,  with  averages 
ranging  from  13.4%  for  red  oad  to  14.3% 
for  lodgepole  pine.  Red  oak  and  hickory 
TS  in  the  30  to  90%  RH  test  was  higher 
than  in  the  WS , but  the  reverse  occurred 
for  the  other  species.  Generally,  these 
trends  were  evident  for  each  flaker 
(table  10).  Other  than  that,  the  lathe 
had  the  least  TS  for  the  three  hard- 
woods based  on  OD-VPS,  the  best  flaker 
for  a particular  species  to  yield  a low 
TS  depended  on  the  test  conditions. 


Summary  Comparisons 

The  densities  of  the  species 
evaluated  ranged  from  23.7  pcf  for  lodge- 
pole pine  to  45.8  pcf  for  hickory.  A 
compression  ratio  of  1.25  was  attempted, 
but  the  actual  compression  ratio  for  the 
panels  generally  decreased  as  species 
density  increased.  In  general,  panels  of 
species  with  high  densities  had  better 
MOR,  MOE , and  IB  properties  than  less 
dense  species.  However,  the  high  density 
species  generally  had  a greater  loss  in 
these  properties  after  aging.  This  loss 
may  indicate  bonding  difficulties  for 
high  density  species  or  may  be  caused  by 
anatomical  characteristics. 

One  can  rank  the  flakers  based  on 
data  for  the  combined  species.  Properties 
were  ranked  from  1 (best)  to  4,  then  added 
to  obtain  a total  value.  The  two  com- 
parisons below  are  based  on  different 
test  environments  (numbers  in  parentheses 
represent  the  property  rankings) . The 
data  indicate  that  the  disk  and  lathe 
flakers  yielded  flakeboards  with  similar 
properties  that,  overall,  were  better 
than  the  properties  of  panels  from  the 
ring  and  drum  flakers . 

No  flaker  consistently  yielded  panels 
with  the  best  properties.  If  only  one 
species  and  several  properties  were 
selected  for  analysis,  a flaker  could  be 
chosen  that  would  yield  a panel  superior 
to  panels  produced  by  other  flakers. 

Thus,  in  an  area  where  only  one  of  the 
species  tested  here  or  a species  similar 
to  it  is  available,  a flaker  could  be 
selected  that  would  be  superior  to  the 
othe  rs . 


58 


A.  No  drastic  environmental  test: 


Flaker 

Initial  test,  psi 
MOR  MOE  IB 

24-hr , 
LE 

. W . S . ( 1 ) 
TS 

Total 

value 

Final 

ranking 

Ring 

(2)4,805 

(5)610,000  (1)152 

(5)0, 

.09  (4)19.0 

13 

3 

Disk 

(2)4,988 

(1)665,000  (2) 

96 

(1) 

.05  (1)13.6 

7 

1 

Lathe 

(1)5,565 

(1)685,000  (2)104 

(1) 

.04  (1)13.2 

6 

1 

Drum 

(2)4,706 

(5)629,000  (4) 

87 

(3) 

.09  (3)17.2 

15 

3 

B.  Severe 

environmental  test: 

Initial  test,  psi 

24-hr. 

W . S . ( 1) 

Total 

F inal 

Flaker 

MOR 

MOE  IB 

LE 

TS 

value 

ranking 

Ring 

(5)5,684 

(5)480,000  (1)54 

(4) 

.51 

(3)29. 5 

14 

3 

Disk 

(1)5,954 

(1)550,000  (1)55 

(2) 

. 28 

(2)26 . 3 

7 

1 

Lathe 

(1)4,085 

(1)514,000  (5)21 

(1) 

. 22 

(1)23.5 

7 

1 

Drum 

(5)5,600 

(5)475,000  (5)20 

(2) 

.27 

(4)30.2 

15 

3 

Figure  1.  Lodgepole  flakes  from  each  of  four  flakers  shown  as  the 
weight  percentage  retained  on  each  screen. 
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Figure  2.  Loblolly  flakes  from  each  of  four  flakers  shown  as  the  weight 
percentage  retained  on  each  screen. 
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Figure  3.  Sweetgum  flakes  from  each  of  four  flakers  shown  as  the  weight 
percentage  retained  on  each  screen. 


60 


Figure  4.  Red  oak  flakes  from  each  of  four  flakers  shown  as  the  vjeight 
percentage  retained  on  each  screen. 


Figure  5.  Flickory  flakes  from  each  or  tour  T lakers  shown  as  the  weight 
percentage  retained  on  each  screen. 
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Figure  6.  Ratio  of  flake  length  to  flake  thickness  for 
lodgepole  pine  (LP),  loblolly  pine  (LL),  sweetgum(SG), 
red  oak  (RO),  and  hickory  (HI)  flakes  cut  on  four 
flakers . 
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COMPRESSION  RATIO 


Rgure  7.  Bending  strength  and  compression  ratio  relationship  at  50%  relative  humidity  for  lodgepole  pine,  loblolly  pine, 
and  sweetgum  panels  made  from  flakes  cut  on  four  flakers. 
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Figure  8 . 


Bending  strength  and  compression  ratio  relationship  after  accelerated  aging  cycle  for  lodgepole  pine, 
pine,  and  sweetgum  panels  made  from  flakes  cut  on  four  flakers. 
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INTERNAL  BOND  (PSD 


Figure  12.  Internal  bond  and  compression  ratio 
relationship  at  SOX  relative  humidity  for  the 
average  of  three  species — lodgepole  pine, 
loblolly  pine,  and  sweetgum — and  two  resin 
contents  (5%  and  8%) . Panels  were  made  from 
flakes  cut  on  four  f lakers. 


COMPRESSION  RATIO 

Figure  13.  Linear  expansion  and  compression  ratio  relationship  for 
lodgepole  pine  (LP) , loblolly  pine  (LL) , and  sweetgum  (SG)  panels  made 
with  flakes  cut  on  four  f lakers. 
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Figure  14.  Bending  strength  and  compression 
ratio  relationship  for  red  oak  and  hickory 
panels  made  with  flakes  from  four  f lakers. 
Panels  fabricated  at  the  target  density 
of  52.6  pcf  are  accentuated. 
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Figure  15.  Modulus  of  elasticity 
and  compression  ratio  relation- 
ship for  red  oak  and  hickory 
panels  made  with  flakes  from 
four  f lakers.  Panels  fabricated 
at  the  target  density  of  52.6 
pcf  are  accentuated. 
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INTERNAL  BOND  (PSD 

Figure  16.  Effect  of  5%  and  8%  resin  content  on  the  average  internal  bond  of  red  oak  and  hickory  panels 
combined.  Panels  were  fabricated  at  a target  density  of  52.6  pcf  with  flakes  generated  from  four  f lakers. 
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Figure  17.  Internal  bond  and 
compression  ratio  relationship  for 
red  oak  and  hickory  panels  made  with 
flakes  from  four  f lakers.  Panels 
fabricated  at  the  target  density  of 
52.6  pcf  are  accentuated. 
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Figure  18.  Dimensional  properties  (linear  expansion  and  thickness  swell) 
and  compression  ratio  relationship  for  red  oak  and  hickory  panels 
fabricated  with  flakes  from  four  f lakers. 
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THICKNESS  SWELL  (PERCENT) 


Figure  19.  Resin  content  effect  on  the  overage  percent  thickness  swell  of  red  oak  and  hickory  panels  combined  Panels 
were  fabricated  aba  target  density  of  52.6  pcf  with  flakes  generated  from  four  flakers  . 


68 


I 


CONSTRUCTION  VARIABLES  CONSIDERED  IN  FABRICATION 
OF  A STRUCTURAL  FLAKEBOARD 
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Abstract 

Flake  geometry,  flake  quality,  flake 
alignment,  average  density,  density 
gradients,  layer  thicknesses,  and  resin 
content  were  factors  considered  in  deter- 
mining, the  final  construction  details  on 
structural  flakeboards  made  from  (1) 
western  softwoods  and  (2)  southern  hard- 
wood residues.  After  making  compromises 
between  board  properties,  a three-layer 
design  was  recommended  for  both  board 
types.  Long,  thin  face  flakes  enhanced 
bending  properties  while  thick  core  flakes 
maximized  internal  bond  strengths. 

The  lower  compaction  ratio  associ- 
ated with  high-density  hardwood  species 
restricted  the  range  of  the  variables 
used,  as  compared  to  those  considered  by 
the  softwood  board.  The  use  of  high- 
quality  surface  flakes  and  a surface  water 
spray  were  other  methods  used  to  improve 
the  performance  of  the  hardwood  board. 
Alignment  of  face  flakes  substantially 
increased  the  bending  properties  in  the 
aligned  direction  for  both  board  types. 
Being  bound  on  one  hand  by  economics  and 
on  the  other  by  strength  and  durability 
requirements,  a liquid  phenolic  resin 
content  of  5 to  6 percent  was  used  for  the 
binder.  By  carefully  choosing  construc- 
tion variables  and  fabrication  techniques, 
acceptable  panels  from  forest  and  mill 
residues  were  recommended  for  structural 
appl icat ion . 

Introduction 

The  direction  of  research  aimed  at 
utilization  of  residues  in  structural 
boards  is  determined  to  a large  extent  by 
the  form  of  the  residue  and  the  species 
involved . 

The  Southern  Experiment  Station, 
Alexandria,  La.,  in  attempting  to 
economically  utilize  the  smaller  hardwood 
logs  , has  elected  to  derive  the  furnish 
for  a structural  board  from  flakes 
created  on  a shaping  lathe  headrig.  A 
three-layer  construction  has  been 
developed  using  long,  thin  flakes  for  the 
faces  and  thicker,  narrower  flakes  in  the 
core . 

The  Forest  Products  Laboratory  on 
the  other  hand  has  been  charged  with  making 
boards  from  softwood  residue  ranging  in 
size  from  4-foot-diameter  logs  to  small 
branches  (19).  The  softwood  flakeboard 
is  also  of  three-layer  construction. 

Quality  flakes  cut  from  the  larger  residue. 


on  a disk-type  flaker,  are  used  for  the 
face  material.  Smaller  residues,  after 
being  chipped,  are  passed  through  a ring- 
type  flaker  to  provide  the  furnish  for 
the  core  of  the  board. 

Many  factors  influence  the  properties 
of  flakeboard.  Construction  variables 
such  as  board  density,  press  closing 
speed,  and  mat  moisture  content  will 
interact  with  each  other,  sometimes  in  a 
non-linear  fashion,  simultaneously  to 
cause  favorable  and  unfavorable  reactions 
in  different  board  properties.  Further- 
more, mechanical  and  economical  factors 
such  as  machinability , resin  content,  and 
press  time  must  be  considered.  Conse- 
quently, the  choice  of  variables  used  (in 
constructing  a flakeboard  with  structural 
characteristics)  must  be  a compromise. 
Because  of  species  effects,  a wider  range 
of  variables  is  usually  tolerable  when 
using  softwoods,  than  when  using  the  high- 
density  hardwoods. 

Review  of  Major  Variables 
Flake  Geometry 

To  meet  the  Forest  Service  perfor- 
mance goals  of  800,000  psi  average  modu- 
lus of  elasticity  (MOE)  and  4,500  psi 
near-minimum  modulus  of  rupture  (MOR) 
at  reasonable  board  density  levels, 
special  attention  was  given  to  flake 
geometry.  Numerous  researchers  have 
shown  bending  properties  to  increase 
directly  with  flake  length  and  inversely 
with  flake  thickness  (1)  (7)  (9)  (13)  (24)  (34), 
Improved  bending  performance  has  been 
shown  for  flake  lengths  up  to  3 inches 
(28)  and  thicknesses  as  low  as  0.006 
inch  (24) . 

Slenderness  ratio  (the  relation  of 
flake  length  divided  by  flake  thickness) 
is  a convenient  way  of  combining  these 
two  variables.  Slenderness  ratios  up 
to  300:1  have  been  shown  to  affect 
favorably  bending  properties  (1)(25)(27) 
(Fig.  1).  Below  1/2  inch,  flake  width 
is  of  minor  importance  in  developing 
bending  properties  (4). 

There  appear  to  be  limits  at  which 
the  effects  and  interactions  of  all  of 
these  flake  geometry  variables  cease  to 
be  important  (4)  (9)  (16)  (34) . A practical 
range  from  the  standpoint  of  flake  produc- 
tion, handling,  and  mat  formation  lies 
between  2 and  3 inches  in  length,  0.015 
to  0.05  inch  in  thickness,  and  between 
1/2  to  1 inch  in  width.  In  contrast  to 
bending  properties,  internal  bond  strength 
(tension  perpendicular  to  the  surface) 
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increases  as  the  flake  thickness  in- 
creases and  flake  width  decreases  (1)  (12) 
(18).  Depending  on  particle  configura- 
tion and  relative  size,  decreasing  flake 
length  also  increases  internal  bond  (IB) 

(1) . While  the  true  significance  of  the 
IB  property  is  not  fully  understood, 
it  can  be  correlated  to  interlaminar 
shear  (23)  and  is  often  used  as  an  in- 
dicator of  bonding  quality  and  durability 
(the  ability  of  a board  to  withstand 
accelerated  aging) . 

Flake  geometry  affects  durability  by 
its  influence  on  springback.  Springback 
is  the  irreversible  thickness  swelling 
which  occurs  after  wetting  and  is  attri- 
buted to  the  release  of  stresses  accom- 
panied by  some  loss  of  glue  bonds.  As 
mentioned  previously,  increasing  flake 
thickness  improves  strength  properties 
perpendicular  to  the  surface.  Decreasing 
flake  thickness,  however,  improves  thick- 
ness swelling  and  linear  expansion 
properties  (1)(18)(24).  Springback 
generally  increases  with  an  increase  in 
flake  thickness  (18)  (25).  The  optimum 
flake  thickness  for  durability  and  dimen- 
sional stability  then  becomes  a compro- 
mise. Since  the  range  of  flake  thickness 
in  which  significant  improvements  occur 
differs  with  each  property  and  also 
depends  to  some  extent  on  other  flake 
dimensions,  the  optimum  geometry  is  best 
found  by  empirical  methods. 

The  effect  of  flake  length  on  either 
durability  or  dimensional  stability  can 
also  vary.  Lehmann  (18)  found  no  connec- 
tion between  flake  length  and  thickness 
swelling  but  did  show  reduced  linear 
expansion  in  boards  made  from  long  flakes. 
Post  (25)  found  springback  increased  with 
increasing  flake  length  up  to  2 inches 
but  was  drastically  reduced  with  a 4-inch- 
long  flake. 

Other  board  properties  such  as  edge- 
wise shear  and  nail  holdings  also  depend 
to  some  degree  on  flake  geometry.  How- 
ever, no  problem  was  encountered  in 
meeting  the  goals  and  no  effort  was  made 
to  alter  these  properties  by  further 
manipulating  the  variables. 

Flake  Quality 

The  importance  of  flake  quality  in 
promoting  resin  efficiency  and  bond 
formation  is  shown  in  studies  by  Lehmann 
(18).  Although  quality  is  hard  to  define, 
the  term  is  generally  used  to  describe  a 
furnish  having  flakes  with  smooth-cut 
surfaces  and  edges  and  possessing  a 
minimum  of  fines. 

The  term  is  relative,  of  course,  as 
shown  by  Price's  (26)  comparison  of  a 
veneer  flake  and  a flake  cut  on  a shaping 
headrig.  While  both  types  are  considered 
to  be  quality  flakes,  the  veneer  flake  has 
a decided  advantage  as  indicated  by  IB 
tests.  Quality  can  be  enhanced  by  such 


practices  as  presoaking  the  logs  in  hot 
water.  Heebink  (8) (10)  and  Maier  (21) 
agree  that  a long  chip  (1-1/2  to  2-1/2 
inches)  will  produce  a better  furnish 
when  flaked  in  a ring  flaker  than  the 
conventional  3/4-inch  pulp  chip.  This  is 
because  the  long  chips  align  themselves 
with  the  grain  parallel  to  the  knives. 
Longer  flakes  with  less  cross  grain  and 
fines  are  produced. 

While  flake  quality  does  affect  in- 
ternal bond  directly  (26)  , there  seem  to 
be  strong  interactions  between  quality, 
flake  geometry,  and  bonding.  Part  of 
this  interaction  is  due  to  resin  ef- 
ficiency (12)  (17),  part  due  to  differences 
in  orientation  of  the  particles  with 
respect  to  the  board  thickness  direction 
or  orientation  of  the  grain  within  the 
particles,  and  part  attributed  to  condi- 
tions present  in  the  core  during  bond 
formation . 

Flake  Alignment 

The  tremendous  influence  of  flake 
alignment  on  increased  board  bending 
properties  are  investigated  as  early  as 
1952  by  Klauditz  (15) . Other  researchers 
have  shown  the  extent  of  improvement  with 
various  flake  types  and  degree  of  align- 
ment (2)  (4)  (26)  (31) . Using  random 
orientation  of  ring-cut  Douglas-fir  for 
the  core  and  aligned  disk-cut  face  flakes 
at  a face : core : face  ratio  of  15:70:15 
percent,  Ramaker  and  Lehmann  (28)  in- 
creased bending  stiffness  in  the  aligned 
direction  by  73  percent  and  strength  by 
36  percent  over  a similar  board  with 
randomly  distributed  face  and  core  flakes. 
The  change  of  properties  in  one  direction 
is,  of  course,  made  at  the  expense  of 
those  same  properties  in  the  opposite 
(90°)  direction,  (Fig.  2).  Flake  align- 
ment does  affect  the  dimensional 
stability  of  the  board  but  has  no  effect 
on  internal  bond.  Few  data  are  available 
to  show  the  effect  of  flake  alignment  on 
the  various  shear  strengths  (5) . 

Density 

Increasing  board  density  improves  all 
the  physical  strength  and  stiffness 
properties.  Comparison  of  density  versus 
MOE  for  various  species  is  well  il- 
lustrated by  Heebink  (11)  and  Hse  (12)  (13). 
Vital  (35)  has  shown  that  the  relation- 
ship between  compaction  ratio  (board 
density  divided  by  species  density)  and 
bending  properties  is  independent  of 
species  mix.  Internal  bond  is  very 
sensitive  to  density  (12)  (18)  (22) . Nail- 
holding properties  and  hardness  likewise 
depend  to  a great  extent  on  board  density. 
Research  relating  density  to  either  thick- 
ness swelling  or  linear  expansion  is 
rather  inconsistent.  There  appears  to  be 
some  rather  important  interactions 
occurring  between  density,  particle 
geometry,  and  bonding  conditions  which 
often  tend  to  mask  or  even  change  the 
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effect  of  density.  Density  has  been 
shown  to  affect  the  rate  of  change  in 
thickness  swelling  by  controlling  the 
rate  of  water  absorption  (29). 

An  important  board  characteristic 
stressed  by  Kelly  (14)  is  the  density 
gradient  which  exists  throughout  the 
thickness  of  hot-pressed  boards.  The 
gradient  is  controlled  by  a number  of 
factors  including  press  temperature, 
press  closing  time,  mat  moisture  content, 
and  flake  layer  thickness  (3)  (32)  (33)  , 
(Fig.  3).  Internal  bond  failures 
generally  occur  in  the  center  line  of 
hot-pressed  boards  because  this  is  the 
low-density  region  associated  with  the 
vertical  density  gradient.  Any  con- 
trolled shifting  of  the  density  gradient 
to  favor  bending  characteristics  de- 
veloped in  the  face  layer  necessarily 
decreases  the  core  density  and  conse- 
quently tends  to  lower  IB. 

Layering 

Since  many  of  the  boards'  physical 
properties  depend  on  the  characteristics 
of  a restricted  area  of  the  thickness 
zone,  it  is  advantageous  to  form  a 
layered  board.  By  manipulating  the 
variables  independently  in  the  various 
zones,  board  properties  can  be  enhanced 
more  economically.  Geimer,  et  al.  (3) 
have  indicated  that  a f ace : core : face 
ratio  of  15:70:15  will  account  for  52 
to  62  percent  of  the  stiffness  increase 
possible  if  the  boards  were  made  of  all- 
face material.  The  thin  face  layers 
also  allow  for  a greater  utilization  of 
poor  grade,  smaller  size  residue  in  the 
core,  and  permit  flake  alignment  in  the 
faces  independent  from  the  core.  Use  of 
a three-layer  construction  technique 
also  permits  utilizing  different  resin 
levels  or  resin  types  in  face  and  core. 

Resin  Content 

All  boards  made  in  the  Forest  Ser- 
vice Structural  Flakeboard  From  Forest 
Residues  Program  used  a phenol - formal - 
dehyde  resin  to  achieve  exterior  dura- 
bility performance.  Increasing  resin 
content  does  improve  all  of  the  physical 
properties  (18)  (20)  (24) . The  rate  of 
improvement,  however,  varies  with  dif- 
ferent properties  and  optimum  levels  are 
affected  by  particle  geometry.  MOE  and 
MOR  increase  only  slightly  if  at  all 
above  5 percent  resin  content  (17)  (24) 
(30).  IB  levels  continue  to  increase  at 
resin  levels  of  8 percent.  Durability 
is  increased  when  the  resin  content  is 
raised  from  3 to  9 percent  (18)  (6) . 
Thickness  swelling  as  measured  in  relative 
humidity  conditions  show  various  res- 
ponses to  resin  content  levels  dependent 
on  the  test  conditions  and  the  particle 
geometry.  There  appears  to  be  an  optimum 
level  around  12  percent  above  which  thick- 
ness swelling  again  increases  (30). 
Particle  geometry  not  only  affects  resin 


efficiency  but  also  controls  curing  rate. 
Use  of  thick,  coarse,  but  small  particles 
in  the  core  material  results  in  a more 
porous  core  layer  and  provides  for  better 
steam  release  during  the  pressing  cycle, 
which  in  turn  aids  the  resin  curing  pro- 
cess. The  same  high-porosity  conditions 
exist  in  low-density  boards  and  partially 
explains  why  internal  bond  and  density 
are  often  not  well  correlated. 

Optimization  of  Variables 

The  effects  of  resin  content,  density, 
flake  thickness,  and  flake  length  on 
bending  stiffness  (MOE)  of  homogeneous 
Douglas-fir  flakeboard  are  shown  in 
Figure  4.  With  6 percent  resin  content, 
MOE  varied  from  a low  of  402,000  psi 
(0 . 045- inch-thick , 1/ 2 - inch - long  flake 
and  37.5  pounds -per -cubic  - foot -dens ity 
board)  to  a high  of  665,000  psi  (0.030- 
inch-thick,  2-inch-long  flake  and  42.5 
pounds-per-cubic-foot  board).  De- 
creasing the  flake  thickness  to  0.020 
inch  and  increasing  length  to  3 inches 
further  increased  the  level  of  MOE  at- 
tainable in  a homogeneous  board  to  800,000 
psi  (Fig.  5).  The  relative  MOE  level 
attainable  with  3-inch  hardwood  flakes 
is  also  shown  in  Figure  5 and  partially 
reflects  the  differences  between  the 
softwood  and  hardwood  slenderness  ratio 
curves  shown  in  Figure  1.  It  is  readily 
apparent  that  to  meet  the  bending  stiff- 
ness goals  a very  high  slenderness  ratio 
or  high  board  density  must  be  used  with 
the  hardwoods.  Work  done  at  the  Southern 
Station  indicates  that  a compaction  ratio 
of  1.185  is  needed  if  the  bending  proper- 
ties are  to  be  met  with  a 0.015-  by  3- 
inch  flake  (Fig.  6).  Using  a specific 
gravity  of  0.639  for  an  average  furnish 
species,  a board  density  of  47.5  pounds 
per  cubic  foot  is  necessary  to  attain  the 

800.000  psi  MOE  value. 

Trial  experiments  with  a three-layer, 
41 -pounds -per -cubic- foot  Douglas  - fir 
flakeboard  showed  that  an  effective  MOE  of 

760.000  could  be  obtained  by  using  a 
0.020-  by  2-inch  disk  flake  in  the  faces 
and  0.050-  by  2-inch  ring  flakes  for  the 
core.  By  using  a 0.020-inch-thick  core 
flake  and  a 3-inch-long  face  flake,  MOE 
increased  to  865,000  psi  (Fig.  7). 

The  possibility  of  using  flake  align- 
ment to  obtain  rather  large  increases  in 
bending  properties  was  also  investigated. 
Board  stiffnesses  were  increased  by  70  to 
75  percent  in  the  aligned  direction  using 
Douglas-fir  furnish  (Fig.  8).  Aligned 
hardwood  boards  showed  slightly  smaller 
bending  stiffness  increases,  44  to  57 
percent,  but  were  still  dramatically 
stiffer  than  a random  configuration.  The 
effect  of  flake  alignment  on  MOR  proper- 
ties was  similar  to  that  shown  for  MOE 
(13) (28)  . 

Numerical  differences  in  bending 
properties  of  the  three-layer  boards 
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(Fig.  7)  as  compared  to  those  homogeneous 
boards  (Fig.  5)  may  be  explained  in  part 
by  a difference  in  density  gradients. 

The  rates  of  heat  and  moisture  transfer 
during  pressing  and  the  resultant  plasti- 
zation  of  the  furnish  can  be  affected 
by  the  various  layer  combinations  of  face 
and  core  material  (Fig.  9).  Twelve 
percent  mat  moisture  was  used  in  con- 
structing the  three-layer  boards,  as 
compared  to  10  percent  mat  moisture  used 
in  the  homogeneous  construction.  In- 
creased moisture  will  tend  to  increase 
the  density  gradient.  The  skin  or  I-beam 
effect  is  extremely  important  in  achiev- 
ing bending  properties  as  shown  by  the 
rapid  increase  in  MOE  (tensile)  ex- 
perienced in  face  layer  material  at 
specific  gravities  exceeding  0.75  (Fig. 
10) . A water  spray  as  used  in  con- 
structing the  hardwood  structural  boards 
will  further  promote  a sharp  density 
gradient  approaching  that  shown  for  the 
fast  press  closure  in  Figure  3. 

The  effects  of  density,  flake  thick- 
ness, flake  length,  and  resin  contents 
on  the  internal  bond  property  is  shown 
in  Figure  11.  The  relative  magnitudes 
of  the  internal  bond  increase  (Fig.  11) 
as  opposed  to  the  bending  properties 
decrease  (Fig.  7)  with  an  increase  in 
flake  thickness  was  a major  factor  in 
using  a thicker  core  flake.  Additional 
internal  bond  increases  were  achieved 
with  the  hardwood  lathe  flakes  by  re- 
ducing the  average  flake  width  in  a 
milling  process.  Data  showed  that  an  IB 
of  70  could  be  attained  in  the  hardwood 
board  at  a comparison  ratio  of  1.15 
(Fig.  6).  With  the  five  species  mix 
under  consideration  this  ratio  corres- 
ponds to  a density  of  46.0  pounds  per 
cubic  foot. 


The  relative  degree  to  which  the 
different  construction  variables  control 
dimensional  stability  is  shown  in 
Figures  12  and  13.  Flake  length  has 
little  effect  on  thickness  swelling  but 
does  markedly  control  linear  expansion. 
Reducing  flake  thickness  decreases  both 
TS  and  LE.  Increasing  density  causes 
only  a slight  increase  in  either  TS  or 
LE , while  increasing  resin  content  from 
3 to  9 percent  affects  a significant 
reduction  in  TS  but  reduces  LE  only 
slightly.  The  pattern  of  springback 
response  to  the  variables  is  similar  to 
that  of  thickness  swelling  (Fig.  14). 

Retention  of  bending  and  IB 
properties  following  accelerated  aging 
are  shown  in  Figure  15  for  a three-layer 
Douglas-fir  board  made  using  two  densities 
and  two  resin  content  levels.  The  re- 
tention levels  of  MOE  and  MOR  are  based 
on  measurements  in  the  board's  expanded 
condition  but  calculated  on  the  initial 
thickness.  This  analytical  procedure 
describes  the  board's  retention  of 
initial  load-carrying  capacity  rather 


than  change  in  the  material.  The  internal 
bond  data  on  the  other  hand  are  directly 
related  to  density  and  consequently  re- 
flects the  influence  of  springback. 

Whereas  resin  content  has  little  to  do 
with  retention  of  the  bending  properties 
as  calculated,  lowering  resin  levels  from 
7 to  5 percent  considerably  reduces  IB 
retention . 

Final  choice  of  the  variables  used  to 
manufacture  large,  1/2-inch-thick  panels 
is  given  in  Table  1.  Analysis  of  the 
above  referenced  data  can  aid  in  further 
manipulation  of  the  variables  to  achieve 
board  property  levels  desired  for  specific 
structural  applications. 

Summary 

In  an  attempt  to  maximize  those 
board  properties  generally  accepted  as 
critical  for  structural  purposes,  com-  / 

promises  were  made  in  arriving  at  optimum 
construction  variables.  The  compaction 
ratio  (board  dens ity : species  density) 
effect  had  considerable  influence  in 
determining  the  parameters  used  for  hard- 
woods as  opposed  to  those  developed  for 
the  softwood  species.  Average  density 
levels  of  40  to  42  pounds  per  cubic  foot 
appeared  as  optimum  in  Douglas-fir 
laboratory  panels  while  panel  density  was 
increased  to  47.5  pounds  per  cubic  foot 
for  the  hardwood  boards.  Economics  and 
durability  were  the  major  criteria  for 
establishing  the  resin  level  at  5 to  6 
percent . 

Face  flake  geometry  and  quality  are 
largely  responsible  for  attaining  bending 
properties.  A slenderness  ratio  (flake 
length:flake  thickness)  of  100  was  used 
with  the  Douglas-fir  boards  while  a ratio 
of  200  was  used  with  the  hardwood  boards. 
Steep  vertical  density  gradients, 
favorable  to  bending  properties,  were 
achieved  in  both  boards  by  using  a fairly 
rapid  press  closing  of  (3/4-1  min.)  A 
surface  water  spray  further  increased  the 
density  gradient  in  the  hardwood  panels. 

Use  of  long  but  thick  and  narrower 
flakes  in  the  core  promoted  internal  bond 
properties  with  a minimum  reduction  in 
bending  characteristics.  Dimensional 
stability  and  bending  durability  charac- 
teristics were  adequately  obtained  with 
the  selected  variables.  Retention  of 
internal  bond  strengths  following  aging 
were  marginal  but  could  be  improved  with 
additional  resin.  No  problem  was  en- 
countered in  meeting  goal  specification 
for  nail  pull-through,  nail  withdrawal, 
or  the  various  tension,  compression,  and 
shear  properties;  as  such,  they  were  not 
considered  directly  in  optimizing  the 
variables.  Studies  were  extended  to 
establish  the  practical  limit  of  strength 
and  other  property  improvements  attainable 
with  further  manipulation  of  the  variables. 
Flake  alignment  proved  to  be  a method  of 
achieving  high  bending  properties  (well 
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over  a million  psi)  in  the  critical 
aligned  direction. 
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Table  1. — Variables  chosen  to  manufacture  1/2  inch  by  4-  by  8-foot 
structural  flakeboard  panels  from  forest  residues. 


Manufacturing 

Variables 

Sof  twood 

Hardwood 

Raw  material 

Douglas-fir  residues 

Equal  amounts  of  white  oak, 
hickory,  southern  red  oak, 
sweetgum,  and  southern  pine 

Panel  density 

43  pcf- 

2 2 
47.5  pcf  random,  45.5  pcf— 

alined 

Face  flakes 

0.02  X 1 X 2 inch 
disk  flakes 

0.015  X 3 inch  x random  width, 
shaping  headrig  flakes,  bolts 
heated  to  160°F 

Core  flakes 

0.05  X 2 inch  x 
random  width  ring 
flakes 

0.025  X 3 inch  shaping  headrig 
flakes,  milled  to  reduce 
width 

Face : core ; face 
flake  ratio 

15:70:15  by  weight 

25:50:25  by  weight 

Phenolic  resin 

c , -J  3 

5 percent  solids— 

6 percent  solids^ 

Wax  emulsion 

3 

1 percent  solids— 

1 percent  solids^ 

Mat  moisture  content 

10  percent 

10  percent,  additional 
4.32  g of  water  sq/ft 
sprayed  on  surface 

Press  cycle 

10  minutes  at  350°F 
Press  close  to  stops 
in  1 minute 

5 minutes  at  350°F 
Press  closed  to  stops 
in  3/4  minute 

— Based  on  oven  dry  weight  and  nominal  volume. 
2 

— Based  on  6 percent  panel  moisture  content. 

3 

— Based  on  oven  dry  weight  of  flakes. 
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SLENDERNESS  RATIO 

Figure  1.  - Slenderness  ratio  (flake  length/flake  thickness)  vs. 

modulus  of  rupture  (MOR) . Douglas-fir  values  are 
from  Brumbaugh  (1);  oak  figures  from  Post  (24). 


Figure  2.  - Percent  of  flake  alignment  vs.  linear  expansion  (LE) 
and  modulus  of  elasticity  (MOE) . From  Geimer  (4) . 
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FACE  WEIGHT  (PSF) 

FAST 

20  SEC 

0.333 

NORMAL-A 

1 MIN 

0.333 

NORMAL-0 

1 MIN 

0.167 

SLOW 

3 MIN 

0.333 

CORE 

1 MIN 

0 

DISTANCE  FROM  CENTER  LINE  (INCH) 


Figure  3.  - Density  gradient  for  3/4-inch  particleboards  as 

affected  by  rate  of  closure  and  face  weight.  From 
Geimer  , et  al . (3) . 


Figure  4. 


Effect  of 
and  flake 
with  data 


resin  content,  density,  flake  thickness, 
length  on  MOE.  Values  from  Lehmann  (18) 
adjusted  to  densities  of  37.5  or  42.5  pcf. 


76 


MOE  (MILLION  PSD 


1.0 


Figure  5.-  Effect  of  flake 
length  and  flake  thickness 
on  modulus  of  elasticity 
(MOE)  and  modulus  of  rup- 
ture (MOR).  Number  in 
parenthesis  is  flake  thick- 
ness in  inches.  Values  for 
Douglas-fir  6%  resin  solids 
are  from  Lehmann (18); 
Douglas-fir  5%  resin  solids 
from  Geimer(4);  hardwood 
mixture  4%  resin  solids 
from  McMillan  and  Koch(22), 


Figure  6,-  Minimum  compac- 
tion ratio  required  to 
achieve  the  FS  goal  of 
800,000  psi  MOE  and  70  psi 
IB  using  the  hardwood  mix. 
Dotted  line  shows  ratio  of 
1.18  for  MOE  and  1.15  for 
IB.  Lathe  flakes  are  from 
an  equal  mixture  of  four 
hardwoods  and  southern  pine 
fr om  Hse ( 13)  . 


COMPACTION  RATIO 


COMPACTION  RATIO 


FACE  FLAKE  LENGTH  - INCHES 


FACE  FLAKE  LENGTH  - INCHES 


Figure  7.-  Effect  of  core 
flake  thickness  and  face 
fladce  length  on  MOE  and  MOR 
of  three-layer  structural 
flakeboard.  Numbers  in 
parentheses  are  core  flake 
thicknesses  in  inches. 
Values  are  from  Ramaker(28) 
12%  face  MC,  8%  core  MC 
15-70-15%,  face : cor e ; face 
ratio 

5%  PF  resin 

Ave . panel  density  41.0 
pounds  per  cubic  foot 


77 


Figure  8.-  Effect  of  density  and  alignment  on 
MOE  of  three-layer  boards.  Values  for  Douglas- 
fir  (5%  resin  solids)  are  from  Ramaker  (28); 
values  for  hardwood  mix  (5.5%  resin  solids) 
are  from  Hse( 13) . 


Figure  9.-  Face  layer  specific  gravity  as 
affected  by  face  weight  and  total  board 
thickness . 


Figure  10.-  Influence  of  specific 
gravity  on  the  MOE  (tensile)  and 
total  board  thickness. 
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0.8 


0.9 


IB  (PSD 


RESIN  CONTENT  (%) 

Figure  11.  - Effect  on  internal  bond  of  resin  content  and  density, 
two  flake  thicknesses,  and  two  flake  lengths.  Values 
are  from  Lehmann  (18). 


RESIN  FLAKE  FLAKE  DENSITY 

CONTENT  LENGTH  THICKNESS  (PC.F) 

(%)  UN.)  (IN.) 

Figure  12.  - Overall  effects  of  variables  on  linear  expansion  of 
Douglas-fir  flakeboards  in  30  to  90  percent  relative 
humidity  and  ovendry  and  vacuum-pressure-soak  tests. 
Values  are  averaged  across  the  other  variables. 

From  Lehmann  (18). 
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Figure  14.  Overall  effects  of  study 
variables  on  thickness  swelling  reten- 
tion of  flakeboards  after  steam  post- 
treatment and/or  accelerated  aging 
exposure.  Values  are  averaged  across 
the  other  variables.  From  Lehmann  (18). 


Figure  13.  Overall  effects  of  variables 
on  thickness  swelling  of  flakeboards  in 
30  to  90  percent  relative  humidity  and 
ovendry  and  vacuum-pressure-soak  tests. 
Values  are  averaged  across  the  other 
variables.  From  Lehmann  (18). 


3 6 9 1/2  1 2 


.030  .045  37.5  42.5 


RESIN 

CONTENT 

(Vo) 


FLAKE 

LENGTH 

(IN.) 


FLAKE 

THICKNESS 

(IN.) 


DENSITY 

(PCF) 


Figure  15.  Retention  of  properties 
following  accelerated  aging  (ASTM  D1037) . 
Values  are  from  Ramaker  (28) . 
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DEVELOPMENT  OF  A RESIN 
GLUING  SOUTHERN  HARDWOOD 


SYSTEM  FOR 
FLAKEBOARDS 


Chung-Yun  Hse 
Principal  Wood  Scientist 
USDA  Forest  Service 
Pineville,  Lousiana 


Abstract 

A series  of  experiments  was  conducted 
to  develop  an  effective  economical  resin 
system  for  gluing  flakeboard  of  mixed 
southern  hardwoods.  First,  a phenolic 
resin  was  formulated  v^ith  a second 
formaldehyde  addition  at  reaction  con- 
centration of  47.51  and  reaction  temper- 
ature of  95°C.  Such  resin  yielded  satis- 
factory bonds  in  laboratory  boards  made 
of  mixed  hardwoods  with  (1)  a minimum 
resin  content  of  41,  (2)  a minimum  hot 
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This  paper  is  one  of  a series  de - 
scribing  efforts  of  the  Pineville, 
Louisiana,  Laboratory  of  the  Southern 
Forest  Experiment  Station  to  develop  an 
effective  economical  resin  system  for 
gluing  hardwood  flakeboard  of  mixed 
southern  species.  The  study  is  a se- 
quence of  three  experiments:  (1)  formula- 

tion of  an  economical  fast-cure  phenolic 
resin  for  exterior  hardwood  flakeboard; 

(2)  gluing  properties  of  flakeboards  from 
hardwoods  growing  on  southern  pine  sites; 
and  (3)  development  of  a new  adhesive 
system  to  improve  glue  bond  of  hardwood 
flakeboard . 


Experiment  1.  Formulation  of  an 
Economical  Fast-cure  Phenolic  Resin 

Phenolic  resins  are  excellent  ad- 
hesives for  exterior  plywood  and  can 
readily  be  used  to  make  exterior  flake- 
board resin.  Optimum  viscosity  of  a 
flakeboard  resin,  however,  is  considerably 
lower  than  that  of  the  conventional  ply- 
wood resin.  Consequently  the  resin  for 
flakeboard  requires  a longer  press  time 
to  cure  completely  than  plywood  resin 
(i.e.,  8 to  10  minutes  for  flakeboard 
resin,  3 to  5 minutes  for  plywood  resin). 
To  reduce  press  time,  a phenolic  resin 
must  have  maximum  chemical  reactivity. 

A.  Optimizing  Reaction  Concentration 

Bond  quality  of  plywood  specimens 
made  with  different  resins  revealed  that 
the  following  formulation  variables  for 
phenolic  resins  are  best  (1)  : 

Formaldehyde  to  phenol  molar  ratio 
of  1.8  to  1.9 

Sodium  hydroxide  to  phenol  molar 
ratio  of  0.4  to  0.5 

Reaction  concentration,  an  undeter- 
mined number  greater  than  431. 

Although  results  from  plywood  speci- 
mens are  not  strictly  applicable  to 
flakeboard  resins,  they  provide  a starting 
point  for  further  refining  of  formulation 
variables.  Therefore,  the  first  experi- 


ment 

evaluat 

ed  reaction 

concen 

tra 

tions 

in  de 

tail. 

Resin  Preparation 

Phenol  - 

formaldehyde 

resin 

s were  pre- 

pared 

in  the 

laboratory 

at  one 

of 

three 

react 

ion  concentrations: 

43.0 

47.5%, 

or  52 

.0%  by 

weight.  Mol 

ar  rat 

io 

of  sodium 

hydroxide  to 

phenol  was 

f ixed 

at 

0.45,  and 

molar 

ratio 

of  formaldehyde  to 

ph 

enol  was 

1.85. 

Each 

resin  was  re 

pi icat 

ed 

three 

times.  To  prepare  each  resin,  all  of  the 
phenol,  formaldehyde,  and  water  were 
placed  in  the  reaction  kettle.  The  sodium 
hydroxide  was  added  as  a catalyst  at  20 
ml  every  10  minutes  to  increase  the  pH 
gradually  from  8.5  to  10.5.  To  initiate 
the  reaction,  the  mixture  was  quickly 
heated  and  maintained  at  96-100°C  (reflux 
temperature).  When  viscosity  reached 
Gardner-Holt  viscosity  C (=90  centipose)  , 
temperature  was  reduced  to  70°C.  When 
viscosity  reached  Gardner-Holt  viscosity 
H(=300  centipose),  the  reaction  was 
stopped  by  rapidly  cooling  the  mixture  to 
25°C. 
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Panel  Preparation 


All  panels  were  prepared  in  the 
laboratory  with  flakes  3 in.  long,  3/8  in. 
wide,  and  0.015  in.  thick.  The  flakes 
were  from  rotary-peeled  veneer  cut  on  a 
metal-working  lathe  and  then  clipped  to 
width.  Mixed  hardwood  flakes--50%  red 
oak  (Quercus  f alcata  Michx.),  2S% 
hickory  CCarya  sp . ) , and  251  sweetgum 
(Liquidambar  styraciflua  L.)--were  dried 
to  an  average  moisture  content  of  21  to 
31  before  adhesive  was  added.  General 
conditions  for  panel  preparation  were: 

Panel  size--l/2  by  14  by  14  in. 

Panel  dens ity- - 43 . 5 lbs  per  cu  ft 
(0.696  specific  gravity) 

Resin  content--resin  solids  equaled 
5%  of  the  ovendry  weight  of  the 
wood  furnish 

Hot  press  temperature- -335°F 

Press  closing  time--45  seconds 

Hot  press  time--4.5  or  7.5  minutes 

Sampling  and  Testing 

All  boards  were  conditioned  in  a 
chamber  controlled  at  501  relative 
humidity  and  80°F  until  their  moisture 
contents  averaged  5.9%.  After  condi- 
tioning, each  board  was  cut  into  2-  by 
2-in.  specimens  for  testing  internal 
bond.  Ten  specimens  were  selected  at 
random  from  each  board.  Internal  bond 
tests  were  performed  in  accordance  with 
ASTM  standards  for  evaluating  the 
properties  of  wood-base  fiber  and  par- 
ticle panel  materials  (D  1037-64). 

Results  and  Discussion 

As  expected,  internal  bond  (IB)  was 
consistently  higher  with  resins  cured  7.5 
minutes  than  with  those  cured  4.5 
minutes  (Figure  1) . With  the  shorter 
press  time,  the  resin  formulated  at 
47.5%  concentration  yielded  the  best  IB; 
with  the  press  time  of  7.5  minutes,  how- 
ever, the  resin  formulated  with  52% 
concentration  gave  the  highest  bond 
strength.  Apparently  the  52%  resin 
requires  slightly  longer  cure  time  to 
develop  optimum  strength  than  the  47.5% 
resin.  Since  fast  cure  time,  not  bond 
strength,  was  the  primary  objective  of 
the  study,  the  47.5%  reaction  concentra- 
tion was  used  for  subsequent  experiments. 

B.  Effects  of  Catalyst,  Second  Formal- 
dehyde Addition,  and  Reaction  Temperature 

Procedure 

To  increase  chemical  reactivity 
more  and  to  decrease  cure  time,  three 
additional  factors  in  resin  formulation 
were  considered:  (1)  effect  of  a second 

formaldehyde  addition,  (2)  preparation  of 
a "high  ortho"  resin  that  cured  rapidly 
by  means  of  oxides  or  hydroxides  of  a 
bivalent  metal  ion  such  as  calcium,  and 
(3)  effect  of  reaction  temperature.  Thus, 
the  variables  in  the  experiment  were: 


1.  Formaldehyde  addition 

a.  1.8  mole  at  beginning 

b.  1.5  mole  at  beginning,  0.3 
mole  after  2.5  hours  of  reac- 
tion time 

2.  Catalysts 

a.  Sodium  hydroxide 

b.  Calcium  hydroxide 

3.  Reaction  Temperatures 

a.  95°C 

b.  75°C  for  first  2.5  hours,  then 
increased  to  95°C 

Molar  ratio  of  formaldehyde  to  phenol  was 
1.85,  reaction  concentration  was  47.5%, 
and  molar  ratio  of  sodium  hydroxide  to 
phenol  was  0.45.  Each  resin  was 
replicated  four  times. 

With  both  catalysts,  reaction  pH  was 
adjusted  initially  to  8.5  and  gradually 
increased  to  10.5.  However,  because  of 
rapid  loss  of  water  solubility  in  the 
calcium  resin,  sodium  hydroxide  was  added 
after  a reaction  time  of  1 hour. 

Other  details  of  resin  preparation, 
board  manufacture,  and  testing  were  as 
described  in  Section  A.  Differences  among 
treatments  were  evaluated  for  statistical 
significance  (P  = 0.05)  by  analysis  of 
variance . 

Results  and  Discussion 

Average  IB  values  were  substantially 
greater  for  resins  cured  7.5  minutes  than 
for  those  cured  4.5  minutes  (Table  1). 
There  were  no  significant  differences  in 
IB  among  various  resins  cured  7.5  minutes. 
With  the  4.5-minute  cure  time,  however, 
timing  of  formaldehyde  addition  interacted 
significantly  with  reaction  temperature  to 
affect  bond  strength.  At  high  reaction 
temperature,  IB  strengths  of  resins  with  a 
second  formaldehyde  addition  averaged  sig- 
nificantly higher  (80  psi)  than  strengths 
of  resins  with  one-step  addition  of  all 
formaldehyde  (69  psi).  At  low  reaction 
temperatures,  however,  IB  was  slightly 
greater  for  resins  made  with  the  one-step 
addition  of  all  formaldehyde  (70  psi)  than 
with  the  two-step  addition  (68  psi). 

No  significant  differences  in  bond 
strength  between  resin  catalyzed  with 
monovalent  sodium  and  bivalent  calcium 
ions  was  detected.  Although  a calcium 
hydroxide  catalyst  reportedly  results  in 
formation  of  "high  ortho"  thermoplastic 
phenolic  resin  with  a fast-cure  rate  (2), 
the  calcium  catalyzed  thermoset  phenolic 
resin  reported  here  offered  no  significant 
improvement  on  IB  as  compared  with  a 
sodium  catalyzed  system  at  the  short  cure 
time  (4.5  minutes).  Explanation  of  these 
apparently  conflicting  results  probably 
lies  in  differences  between  thermoplastic 
and  thermoset  phenolic  resin  in  reaction 
pH  and  molar  ratio  of  formaldehyde  to 
phenol.  Moreover,  calcium  catalyzed  resin 
had  shorter  storage  life  than  sodium 
hydroxide  catalyzed  resin  and  lost  water 
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Table  1.  - IB  STRENGTH  RELATED  TO  RESIN  FORMULATION  VARIABLES 


Catalyst 

React  ion 
temperature 

Formaldehyde^ 

addition 

IB 

(°C) 

(Psi) 

Hot  pressed  4.5  minutes 

NaOH 

95 

All 

72.6 

Second 

80.6 

75-95 

All 

67.8 

Second 

69.8 

Ca(OH) 2/NaOH 

95 

All 

65.4 

Second 

79.4 

75-95 

All 

71.4 

Second 

66.6 

Hot  pressed  7.5  minutes 

NaOH 

95 

All 

107.6 

■> 

Second 

114.4 

75-95 

All 

100.8 

Second 

102.8 

Ca(OH) 2/NaOH 

95 

All 

■ 94.2 

Second 

108.2 

75-95 

All 

96.8 

Second 

94.6 

^"All"  means  all  formaldehyde  was  added  initially;  "second"  means  1.5  mole  was 
added  at  the  beginning  and  another  0.3  mole  was  added  after  2.5  hours. 


solubility  rapidly,  making  reaction  of 
this  resin  difficult  to  control. 

Of  all  resins  catalyzed  with  sodium 
hydroxide,  those  reacted  at  high  tempera- 
ture with  a second  formaldehyde  addition 
yielded  highest  bond  strength.  A typical 
reaction  schedule  for  this  resin  is 
summarized  in  Figure  2. 

C.  Effects  of  Resin  Content,  Mat  Moisture 
Content,  Hot  Press  Time,  and  Hot  Press 
Temperature 

The  best  resin  developed  in  the 
previous  experiments  was  tested  under 
various  gluing  conditions  to  determine 
its  suitability  to  a wide  range  of  mill 
operations . 

Board  manufacture  and  specimen 
preparation  were  as  in  Section  A,  except 
in  the  special  gluing  conditions,  as  will 
be  specified.  Resin  performance  was 
measured  by  IB,  bending  strength,  and 
stiffness  of  the  panel,  according  to 
ASTM  standards  (D  1037-64). 


Resin  Content 

Resin  contents  evaluated  were  21,  4%, 
6%,  81,  and  101  of  ovendry  weight  of 
wood  furnish.  All  s trength propert ies  in- 
creased substantially  as  resin  content 
increased  from  21  to  81;  as  resin  content 
increased  from  81  to  101,  modulus  of 
rupture  (MOR)  and  modulus  of  elasticity 
(MOE)  increased  only  slightly  and  IB 
decreased  (Figure  3) . The  IB  decreased 
mainly  because  excess  moisture,  intro- 
duced by  the  additional  resin,  resulted  in 
less  than  optimum  gluing  conditions. 

The  lowest  resin  content  to  yield 
adequate  bond  strength  was  41.  An  average 
IB  of  31  psi  at  1%  resin  content  was  about 
half  that  called  for  by  U.S.  Commercial 
Standard  CS  236-66  for  2B1  and  2B2  boards 
(65  and  60  psi,  respectively). 

Mat  Moisture  Content 

Mat  moisture  contents  examined  in  the 
experiment  were  101,  121,  141,  and  161. 
Moisture  content  was  adjusted  by  spraying 
water  on  the  flakes  as  they  tumbled  in  a 
rotating  laboratory  blender.  IB  and  MOR 
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decreased  and  MOE  increased  as  mat  mois- 
ture content  increased  (Figure  4) . This 
result  is  to  be  expected  because  high  mat 
moisture  contents  enhance  densification 
of  board  surfaces  and  improve  MOE.  On 
the  other  hand,  high  mat  moisture  content 
may  lead  to  excessive  resin  penetration  and 
and  to  formation  of  excessive  trapped 
steam  during  hot  pressing;  either  condi- 
tion weakens  IB  and  MOR. 

Small  pockets  of  delamination  were 
found  in  several  of  the  panels  manu- 
factured at  16%  mat  moisture  content. 

Since  production  panels  are  considerably 
larger  than  the  laboratory  panels  tested-- 
and  hence  dissipate  steam  more  slowly-- 
it  is  likely  that  the  safe  limit  for  mat 
moisture  content  is  near  14%. 

Hot  Press  Temperature 

Hot  press  temperatures  examined  in 
the  study  were  325°,  365°,  405°,  and 
430°F.  The  resin  seemed  to  cure  best  at 
a hot  press  temperature  of  365°F,  which 
yielded  the  highest  IB;  further  increases 
in  press  temperature  decreased  IB 
(Figure  5) . Both  MOR  and  MOE  increased 
as  hot  press  temperature  increased,  with 
the  exception  of  MOR  at  325°F. 

Hot  Press  Time 

Hot  press  times  evaluated  were  3,  4, 

5,  7,  and  9 minutes.  All  properties 
(IB,  MOR,  and  MOE)  improved  as  press 
time  increased  (Figure  6) . A hot  press 
time  of  3 minutes  was  less  than  the 
minimum  needed  to  yield  adequate  bond 
strength  of  70  psi. 

D.  Mill  Run 

To  examine  the  applicability  of  the 
laboratory  results  to  industrial  flake- 
board  production,  1/2  in  by  4-  by  8-ft 
hardwood  flakeboards  were  manufactured 
at  a Westvaco  flakeboard  plant  in 
Tyrone,  Pennsylvania. 

Methods 

In  the  laboratory,  150  gallons  of 
phenolic  resin  were  cooked  in  a 15- 
gallon  reactor.  The  resin  was  frozen 
and  shipped  to  the  Westvaco  plant. 

Hardwood  flakes  produced  by  a Miller- 
Hofft  flaker^  were  provided  by  Westvaco. 
More  than  half  the  flakes  were  red 
maple  (Acer  rubrum  L.);  the  rest  were  a 
mixture  of white  ash  (Eraxinus 
americana  L.),  black  cherry  (Prunus 
serotina  Ehrh.),  and  aspen  (Populus 
grand! Jentata  Michx.) 


Mention  of  trade  names  is  solely 
to  identify  equipment  used  and  does  not 
imply  endorsement  by  the  U.S.  Department 
of  Agriculture. 


The  plant  was  using  a resin  content 
of  7%  and  a press  time  of  8 minutes.  In 
view  of  the  large  amount  of  fines  in  the 
flake  furnish,  I felt  that  the  experi- 
mental resin  content  should  be  5%  even 
though  satisfactory  panels  were  produced 
in  the  laboratory  with  4%.  Press  time 
was  4 . 5 minutes . 

In  the  first  press  load,  six  panels 
out  of  20  delaminated.  It  was  then 
decided  to  increase  press  time  by  1/2 
minute.  Forty  panels  were  successfully 
produced  in  two  separate  press  loads  at 
5 minutes  press  time  with  resin  content 
of  5.2%  (based  on  calculation  from  a 
metering  device).  Thereafter,  a press 
load  of  20  panels  was  manufactured  at 
each  of  the  following  conditions: 

Resin  content  Press  time 

% (minutes ) 


5.2  5 

5.2  8 

6.5  5 

6.3  8 

All  panels  were  trimmed  to  4 by  8 feet 
and  shipped  back  to  the  Pineville, 
Louisiana,  laboratory  for  testing  IB. 

In  addition,  a supply  of  the  furnish 
used  in  making  the  4-  by  8-foot  panels 
was  also  shipped  to  Pineville,  where 
laboratory  panels  were  made  under  similar 
conditions  for  comparison. 

Results  and  Discussion 

Average  IB  (average  specific  gravity 
was  0.737)  for  the  mill  and  laboratory 
panels  was  as  in  Table  2. 

Mill  panels  had  20  to  22%  lower  IB 
than  laboratory  panels.  Poor  blending 
(i.e.,  application  of  resin  to  flakes) 
in  the  mill  was  probably  the  major  factor 
in  the  decrease  of  bond  strength;  the 
poor  blending  was  readily  apparent  in  the 
mill  panels  (Figure  7). 

Average  IB  in  the  mill  panels  was 
70  psi  when  press  time  was  5 minutes  and 
resin  content  v^/as  5.2%.  The  data  in- 
dicated, however,  that  a slight  increase 
in  either  resin  content  or  hot  press  time 
would  yield  a satisfactory  bond. 

Summary  and  Conclusions 

Although  a second  addition  of 
formaldehyde  is  not  a common  practice  in 
manufacturing  standard  phenolic  resin, 
it  improves  bonding  quality  of  resin 
subjected  to  short  cure  times.  The  resin 
formulated  with  a second  formaldehyde 
addition  at  reaction  concentration  of 
47.5%  and  reaction  temperature  of  95°C 
resulted  in  highest  bond  strength.  Such 
resin  yielded  satisfactory  bonds  in 
laboratory  boards  made  of  high  quality 
flakes  of  mixed  hardwoods  with  (1)  a 
minimum  resin  content  of  4%,  (2)  a minimum 
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Table  2 


Internal  Bond  (psi) 


Resin 

content 

(’.) 

Hot  p 

ressed  5 min 

Hot  pressed  8 min 

Lab  panel^ 

Mill  panel^ 

Lab  panel^ 

Mill  panel*’ 

5.2 

87 

70 

112 

88 

h . 5 

107 

86 

135 

105 

^Each  value  is  the  average  of  100  specimens  (i.e.,  20  specimens  per  4 by  8 panel  and 
5 panels  per  treatment) . 

^Each  value  is  the  average  of  75  specimens  (i.e.,  15  specimens  per  panel  and  5 panels 
per  treatment. 


hot  press  time  of  4 minutes,  (3)  a maxi- 
mum mat  moisture  content  of  14%,  and 
(4)  a hot  press  temperature  of  325°F. 

Four-  by  8-foot  mill-run  panels  had 
20  to  22%  less  internal  bond  strength 
than  smaller  panels  made  in  the  labora- 
tory. A slight  increase  in  either  cure 
time  or  resin  content  was  therefore 
indicated  for  satisfactory  bond  under 
mill  conditions. 

Experiment  2.  Bonding  Properties 
of  Flakeboards  from  Hardwoods  Growing 
on  Southern  Pine  Sites 

The  phenolic  resin  in  Experiment  1 
is  intended  for  use  in  structural  ex- 
terior flakeboard  made  from  mixed  hard- 
woods grown  on  southern  pine  sites. 
Performance  of  the  resin  as  related  to 
wood  species  was  therefore  an  important 
consideration.  In  experiment  2,  nine 
hardwood  species  were  selected  on  the 
basis  of  their  abundance  and  wide  range 
of  properties.  Oaks  were  given  special 
attention,  since  they  comprise  nearly 
half  the  South's  volume  of  pine-site 
hardwoods.  The  variables  studied 
were : 

Percent  of 
hardwood  volume 

1)  Nine  hardwood  species  on  pine  sites 


a) 

Sweetgum 

(Liquidambar 

13 

styracif lua  L.  ) 

b) 

White  oak 

(Quercus 

12 

alba  L . ) 

c) 

Hickory  (Carya  spp.) 

9 

d) 

Southern 

Red  Oak 

8 

(Quercus 

falcata  Michx. 

var  falc 

ata) 

e) 

Post  oak 

(Quercus 

7 

stellata 

Wangenh . ) 

f) 

Black  tupelo  (Nyssa 

6 

sylvatic 

a Marsh . ) 

g) 

Red  maple 

(Acer  rubrum 

4 

L.) 

h) 

Sweetbay 

(Magnolia 

1 

virginiana  L.) 

i) 

White  ash 

(Fraxinus 

1 

americana  L . ) 


2)  Board  specific  gravity  (basis  of 
volume  and  weight  at  moisture  equilibrium 
with  an  atmosphere  at  80°F  and  50  percent 
RH)  . 

a)  39.5  Ib/cubic  foot  (pcf)  - 0.633 
grams/cubic  centimeter  (g/cc) 

b)  44.5  pcf  --  0.713  g/cc 

c)  49.5  pcf  --  0.793  g/cc 

3)  Four  replications--The  fabrication  of 

39.5  pcf  panels  was  limited  to  the  five 
low-density  species:  sweetgum,  black 

tupelo,  sweetbay,  white  ash,  and  red 
maple . 

Panel  fabrication  and  testing  pro- 
cedures were  as  in  Experiment  1.  Flakes 
were  from  rotary-cut  veneer  0.015-inch 
thick  clipped  to  3-inch  length  and 
3/8-inch  width. 

Average  IB  ranged  from  51  psi  for 
white  oak  at  a board  density  of  0.702 
g/cc  to  385  psi  for  black  tupelo  at 
0.782  (Table  3).  Bond  strength  increased 
with  panel  density  for  all  species  except 
sweetbay . 

As  expected,  IB  for  the  four  densest 
species  (i.e.,  hickory  and  the  oaks)  was 
significantly  lower  than  for  the  other 
species,  even  though  the  resin  coverage 
was  greater.  At  44.5  pcf  all  four  species 
yielded  panels  with  IB  values  less  than 
the  target  level  of  70  psi.  When  panel 
density  was  increased  to  49.5  pcf,  how- 
ever, satisfactory  bond  strength  was 
obtained . 

The  effects  of  board  and  wood  density 
on  bonding  strength  may  best  be  expressed 
by  their  relation  to  compactness  in  the 
panel.  Because  high-density  flakes  re- 
quired higher  panel  density  to  attain  the 
same  compaction  as  low-density  flakes, 
the  ratio  between  board  density  and  wood 
density  (i.e.,  the  compaction  ratio)  was 
computed  (Table  3,  column  4)  and  related 
to  bonding  strength. 

Regression  analysis  showed  that 
bonding  strength  increased  proportionately 
with  compaction  ratio  (Figure  8) . To 
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attain  the  target  IB  of  70  psi,  the 
corresponding  minimum  compaction  ratio 
would  be  1.012. 

The  results  also  indicate  that  ac- 
ceptable bond  strength  of  60-65  psi  can 
be  obtained  with  the  resin  for  all 
species,  but  the  required  panel  density 
may  differ  substantially  among  species. 
This  finding  is  to  be  expected  since 
hardwoods  vary  widely  in  wood  density. 

Experiment  3.  Development 
of  a New  Adhesive  System 

Experiment  2 showed  that  panels  of 
dense  species  compacted  sufficiently  to 
meet  strength  requirements  were  so  heavy- 
in  excess  of  50  pounds  per  cubic  foot-- 
that  transportation  would  be  costly  and 
on-site  handling  difficult.  Thus,  a 
series  of  studies  were  conducted  to 
develop  a phenolic  alloy  which  would  not 
only  yield  specification-grade  flakeboard 
over  a broad  range  of  wood  species  and 
densities  at  an  acceptable  panel  density, 
but  would  also  tolerate  high  flake  mois- 
ture content  and  temperature,  high 
temperature  and  humidity  in  the  working 
area,  low  resin  application,  and  condi- 
tions conducive  to  pre-cure. 

A.  Formation  of  Phenolic  Alloys 

The  commercially  available  poly- 
methylene polyphenol  isocyanate  with 
functionality  of  2.7  and  viscosity  of 
200  to  275  cps  at  25°C  was  chosen  to 
react  with  phenolic  resin  ^ situ  to  form 
a combined  adhesive  system.  A series  of 
five  flakeboards  each  were  fabricated 
according  to  the  following  adhesive 
blending  processes: 

(A-1)  Applied  polyisocyanate  before  the 
phenol-formaldehyde  resin  adhesive 
(A-2)  Applied  polyisocyanate  and  phenol- 
formaldehyde  resin  adhesive  simul- 
taneously 

(A-3)  Applied  phenol-formaldehyde  resin 

adhesive  before  the  poly isocyanate . 

Both  phenol - formaldehyde  resin  and 
polyisocyanate  were  applied  by  conven- 
tional air-atomizing  nozzles  in  a 
rotating  drum-type  blender.  The  phenol- 
formaldehyde  resin  was  75  percent  of  the 
total  amount  of  adhesive  and  the  poly- 
isocyanate constituted  25  percent. 

All  flakes  were  produced  by  a 
shaping- lathe  headrig  to  average  3 inches 
long,  0.015-inch  thick,  and  were  of  ran- 
dom width.  The  mixed  hardwood  flakes 
were  40  percent  sweetgum  (Liquidambar 
styracif lua  L.)  and  60  percent  southern 
red  oak  (Quercus  f alcata  Michx.). 

The  panel  fabrication  and  testing 
were  similar  to  that  of  Experiment  1. 

The  general  conditions  for  panel  prepara- 
tion were : 


Panel  density--46  Ib/cu.  ft. 
Panel  thickness--l/2- inch 
Resin  content--4% 

Hot  press  temperature -- 300°F 
Hot  press  time--4.5  minutes 


Average  IB  was  as  follows: 


Test 

Adhesive  blending  process 

Internal 

bond 

A-1 

Poly isocyanate  before 
phenolic 

(psi) 

127 

A-2 

Polyisocyanate  and 
phenolic  simultaneously 

89 

A-3 

Phenolic  before  poly- 
isocyanate 

67 

These  results  indicate  that  an  im- 
proved adhesive  system  can  be  achieved  by 
applying  minor  components  of  polyiso- 
cyanate before  the  major  component  of 
phenolic  resin  on  wood  furnish  and  then 
reacting  the  combined  adhesive  in  situ 
to  obtain  an  improved  thermosetting 
adhesive  resin  suitable  for  hardwood 
flakeboard.  The  poly isocyanate  reacts 
readily  with  hydroxy  groups  or  water  on 
the  surface  of  or  among  the  wood  fibers 
to  form  strong  adhesion.  Subsequently, 
a cross-linking  reaction  between  iso- 
cyanate and  phenolic  resin  occurs  to 
reinforce  the  properties  of  phenolic 
adhesive . 

B.  Effects  of  Polyisocyanate/Phenolic 
Resin  Ratio 

Evidence  of  the  superior  performance 
of  an  adhesive  system  in  which  polyiso- 
cyanate is  applied  before  phenol  formal- 
dehyde resin  led  to  a study  to  determine 
the  best  ratio  of  polyisocyanate  to 


pheno 

1 formaldehyde  resin. 

The 

following 

test 

conditions  were 

chosen : 

(B-1) 

Polyisocyanate/ pheno] 

ic  resin 

ratio 

0/100”o 

(B-2) 

1 1 

1 1 

" 10/90^6 

(B-3) 

1 1 

1 1 

" 20/80% 

(B-4) 

1 1 

1 1 

" 30/70% 

(B-5) 

1 1 

( t 

’’  40/60% 

(B-6) 

M 

1 1 

" 50/50% 

(B-7) 

ft 

ft 

" 60/40% 

The  panel  fabric 

ation 

and 

testing 

were 

as  in  earlier  te 

sts  except 

the  hot 

press 

time  was  5.5  mi 

nutes 

and 

total  resi 

conte 

nt  was  5 percent 

Average  internal 

bond 

strengths  were 

as  follows  : 
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Test 


Polyisocyanate/phenol ic  resin  ratio 


B-1 

0/100 

B-2 

10/90 

B-3 

20/80 

B-4 

30/70 

B-5 

40/60 

B-6 

50/50 

B-7 

60/40 

The  superiority  of  applying  poly- 
isocyanate before  phenolic  resin  is  again 
apparent.  Also,  increasing  the  ratio  of 
poly isocyanate  to  phenolic  resin  up  to 
50/50  resulted  in  increased  bond  strength. 

C.  Effects  of  Flake  Moisture  Content 

To  measure  the  tolerance  of  applying 
polyisocyanate  before  phenolic  resin  when 
wood  furnish  has  a high  moisture  content, 
the  following  test  conditions  were 
chosen : 


Polyisocyanate/ 
Flake  moisture  phenolic  resin 

Test  content  ratio 


C-1 

4 

1/100 

C-2 

4 

10/90 

C-3 

4 

30/70 

C-4 

4 

50/50 

C-5 

11 

0/100 

C-6 

11 

10/90 

C-7 

11 

30/70 

C-8 

11 

50/50 

The 

panels 

were  prepared 

as  previously 

described , 

again  using  a 

hot  press  time 

of  5 

.5  minutes  and  resin 

content  of 

5 percent. 

The  average  internal 

bond  strengths 

of  the  panels  were  as  follows: 

Polyisocyanate/ 

Flake 

moisture  pheno lie  resin 

IB 

Test 

content 

ratio  (psi) 

C-1 

41 

0/1001 

72 

C-2 

4 

10/90 

104 

C-3 

4 

30/70 

169 

C-4 

4 

50/50 

208 

C-5 

11 

0/100 

0 

C-6 

11 

10/90 

72 

C-7 

11 

30/70 

135 

C-8 

11 

50/50 

174 

1-A  means  application  of  polyiso- 
cyanate before  phenolic  resin. 

^1-B  means  application  of  polyiso- 
cyanate and  phenolic  simultaneously. 

4 

1-C  means  application  of  phenolic 
resin  before  poly isocyanate . 


Internal 

bond 

(psi) 

1^^ 

1-B^ 

1 

In 

72 

72 

72 

99 

83 

75 

152 

97 

80 

192 

112 

83 

208 

123 

92 

216 

131 

100 

173 

139 

113 

Results  again  clearly  demonstrate 
the  efficiency  of  applying  poly isocyanate 
before  phenolic  resin.  Flakes  having 
11-percent  moisture  content  were  satis- 
factorily bonded  by  applying  as  little  as 
10  percent  of  polyisocyanate  before  the 
phenolic  resin.  In  the  conventional 
phenolic  resin  system  steam  generated  from 
flakes  with  high  moisture  content  causes 
panel  delamination  during  hot  pressing. 

D.  Effects  of  Panel  Density 

The  high  wood  density  of  hardwood 
species  such  as  oaks  and  hickory  makes 
fabrication  of  low  density  panels  diffi- 
cult. To  measure  the  tolerance  of  the 
new  adhesive  system  to  high-density  hard- 
wood species,  southern  red  oak  was  used 
in  a study  including: 


Polyisocyanate/ 
phenolic  resin 


Test 

Panel  density  ratio 

D-1 

41  pcf 

0/1001 

D-2 

41 

20/80 

D-3 

45 

0/100 

D-4 

45 

20/80 

D-5 

49 

0/100 

D-6 

49 

20/80 

D- 1 , D- 3 , and  D-5 

panels  were  fabri- 

cated 

with  conventional  phenol— formaldehyde 

resin 

adhesive  without 

polyisocyanate; 

D-2  , 

D-4,  and  D-6  panels  were  fabricated 

by  applying  polyisocyanate  before  phenolic 

resin 

. Hot  press  time 

and  total  resin 

content  were  again  5.5 

minutes  and  5 per- 

cent . 

The  panels  were 

prepared  and  tested 

as  described  previously. 

Average  internal 

bond  strength  was 

as  follows : 

Poly isocyanate/ 

phenolic  resin 

IB 

Test 

Panel  density 

ratio 

(psi) 

D-1 

41  pcf 

0/100% 

21 

D-2 

41 

20/80 

84 

D-3 

45 

0/100 

44 

D-4 

45 

20/80 

124 

D-5 

49 

0/100 

92 

D-6 

49 

20/80 

116 

The  panels  fabricated  with  initial 
application  of  polyisocyanate  had  consis- 
tently higher  internal  bonds.  Satis- 
factory panels  were  produced  even  at  41 
pounds  per  cubic  foot,  which  was  not 
possible  with  the  conventional  phenolic 
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resin. 


E.  Effects  of  Resin  Content 


In  the  manufacture  of  flakeboard 
panels,  resin  content  strongly  affects 
panel  performance  and  manufacturing 
economics.  Resin  is  the  most  expensive 
item  in  manufacturing  cost.  To  measure 
the  efficiency  of  the  new  adhesive  system, 
the  following  test  conditions  were 
chosen : 

Polyisocyanate/ 
phenolic  resin 


Test 

Resin  content 

rat  i o 

E-1 

S”. 

0/100”. 

E-2 

5 

20/80 

E-3 

4 

0/100 

E-4 

4 

20/80 

E-5 

5 

0/100 

E-6 

5 

20/80 

The  E-1,  E-5,  and  E-5  panels  were 
fabricated  with  conventional  phenol- 
formaldehyde  resin  adhesive  without  poly- 
isocyanate; for  E-2,  E-4,  and  E-6  panels 
polyisocyanate  was  applied  before  pheno- 
lic resin.  The  hot  press  time  and  panel 
density  were  5.5  minutes  and  44  pcf.  The 
panels  were  prepared  and  tested  as  de- 
scribed previously. 

Average  internal  bond  strengths  were 
as  follows: 

Polyisocyanate/ 


Test 

Resin 

content 

phenolic  resin 
ratio 

IB 

(ps  i ) 

E-1 

^ '6 

0/100?. 

43 

E-2 

3 

20/80 

71 

E-3 

4 

0/100 

56 

E-4 

4 

20/80 

139 

E-5 

5 

0/100 

68 

E-6 

5 

20/80 

152 

The  superiority  of  the  resin  system  con- 
taining polyisocyanate  is  again  apparent 
for  all  resin  content  levels  in  the  test. 

These  tests  confirm  that  applying 
polyisocyanate  before  phenolic  resin  is 
superior  to  phenolic  resin  alone  when 
used  at  high  flake  moisture  contents  and 
low  resin  content  levels.  Satisfactory 
flakeboards  were  formed  from  high-density 
species  such  as  southern  red  oak  at 
significantly  lower  panel  density  than 
that  attainable  with  conventional 
phenolic  resin  systems. 
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Table  5 


BONDING  PROPERTIES  OF  FLAKEBOARD 


Species 

(1) 

Actual 

board 

density 

(2) 

Wood 

^ density 
(3) 

Compaction 

ratio 

(4) 

Panel 

moisture 

content 

(5) 

IBb 

(6) 

-g/cc 

i 

psi 

Sweetbay 

0.633 

0.481 

1 .3155 

5.4 

109 

.708 

1 .4715 

7.2 

260 

.738 

1.5339 

6.6 

236 

Red  maple 

.648 

.538 

1 .2044 

5.9 

97 

.755 

1 . 3988 

5.0 

284 

.788 

1 .4648 

6.0 

315 

Sweetgum 

.638 

.547 

1 .1659 

5.5 

81 

.723 

1.3213 

5.8 

171 

.793 

1 .4493 

6.1 

196 

Black  tupelo 

.625 

.518 

1 .2075 

4.9 

113 

.721 

1.3920 

4.8 

239 

.783 

1.5118 

6.0 

385 

White  ash 

.633 

.646 

.9793 

5.0 

83 

.708 

1 .0954 

5.2 

148 

.800 

1.2386 

6.0 

273 

Red  oak 

.705 

.667 

1 .0577 

5.0 

55 

.788 

1 .1815 

6.6 

146 

Hickory 

.708 

.702 

1 .0079 

5.0 

65 

.810 

1 .1539 

6.3 

107 

Post  oak 

.703 

.733 

.9584 

7.0 

58 

.790 

1 .0779 

6.8 

119 

White  oak 

.702 

.762 

.9211 

6.9 

51 

.795 

1 .0428 

5.8 

88 

^Volume  and 

weight  at 

equil ibri urn 

in  atmosphere 

held  at  80°F 

and  50 

percent  RH. 

Nominal  values  for  the 

three  board 

densities  were 

0.633, 

0.713,  and  0.793. 

Each  value  is  the  average  of  20  observations. 
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GARDNER-HOLDT  VISCOSITY 
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O) 
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43  47.5  52 

CONCENTRATION  (%) 


Figure  1.  - Relationship  o£  reaction  concentration  to  IB  strength 
of  mixed-species  boards  made  from  lathe  flakes  (with 
Hse's  "Fast-cure  Phenolic  Resin"). 
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Figure  2.  - Viscosity,  pH,  and  reaction  temperature  as  related 
to  reaction  time  (with  Hse's  "Fast-Cure  Phenolic 
Resin") . 
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Figure  5.  Effect  of  hot  press  tem- 
perature on  IB,  MOR,  and  MOE  (with 
Hse's  "Fast-Cure  Phenolic  Resin"). 
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Figure  7.  Mixed  species  hardwood  flakeboard  made  in 
the  laboratory  (left)  and  in  the  mill  (right)  with 
Hse's  "Fast-Cure  Phenolic  Resin"). 


Figure  6.  Effect  of  hot  press  time 
on  IB,  MOR,  and  MOE  (with  Hse's 
"Fast-Cure  Phenolic  Resin"). 


Figure  8.  Relationship  of  compaction  ratio  to  IB. 
Dashed  lines  indicate  the  compaction  ratio  corre- 
sponding to  an  attainable  average  of  70  psi  IB. 
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ACCELERATED  AGING  OF  PHENOLIC-BONDED  FLAKEBOARDS 


Andrew  J.  Baker 
Chemical  Engineer 
Forest  Products  Laboratory 
USDA  Forest  Service 
Madison,  Wisconsin 


Abstract 

Specimens  of  phenolic-bonded  flake- 
board,  vert ica 1 - grain  southern  pine  and 
Douglas-fir,  and  marine-grade  Douglas-fir 
plywood  were  exposed  to  four  accelerated 
aging  situations.  These  consisted  of: 

(1)  Multiple  cycles  of  boiling  and 
elevated-temperature  drying,  (2)  multiple 
cycles  of  vacuum-pressure  soaking  and 
intermediate-temperature  drying,  (3)  the 
six-cycle  ASTM  D-1037  exposure  and, 

(4)  continuous  exposure  to  weathering 
at  the  Madison,  Wis.  site.  Thickness 
change  and  bending  strength,  bending 
stiffness,  and  internal  bond  strength 
retention  were  measured  after  various 
numbers  of  exposure  cycles,  or  time  of 
exposure.  The  phenolic-bonded  flake- 
boards  retained  enough  strength  and 
stiffness  during  accelerated  aging  to 
indicate  they  might  be  used  satisfac- 
torily in  structural  applications  where 
conventional  wood  products  are  now  used. 

Introduct ion 

The  acceptance  of  new  types  of 
structural  grades  of  flakeboard  would 
be  stimulated  if  suitable  long-term  ser- 
vice life  can  be  demonstrated.  The 
purpose  of  this  study  was  to  develop 
methods  for  assessing  such  service  life 
and  to  apply  these  methods  to  evaluate 
selected  prototypes  of  flakeboard  from 
forest  residues.  This  work  was  to  deter- 
mine the  life-expectancy  of  phenolic- 
bonded  flakeboard  using  accelerated  aging 
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critical,  long-term  applications.  They 
can  provide  insight  into  degradation  that 
could  occur  in  service  and  thereby  reduce 
the  risk  that  an  inadequate  product  might 
appear  in  the  marketplace. 

Evaluating  a phenol ic - bonded  flake- 
board for  long-term  performance  is  a 
different  problem  from  that  of  evaluating 
a new  adhesive  system  for  its  potential 
use  in  wood  products.  Structural  flake- 
board is  made  with  an  adhesive  known  to 
have  excellent  resistance  to  thermal 
degradation,  to  hydrolysis  by  moisture. 


Robert  H.  Gillespie 
Chemist 

Forest  Products  Laboratory 
USDA  Forest  Service 
Madison,  Wisconsin 


and  to  the  swelling  and  shrinking  stresses 
a variety  of  acceptable  wood  products 
impose  on  the  gluelines.  These  facts 
were  responsible  for  selecting  phenolics 
as  the  binder  system  in  structural 
grades  of  flakeboard.  The  problem  then, 
was  to  devise  accelerated -aging  tests  to 
evaluate  a bonded  wood  product  for  the 
retention  of  properties  that  are  impor- 
tant in  the  intended  end  use. 

The  principal  intended  end  use  for 
structural  flakeboard  is  for  wall,  roof, 
and  floor  sheathing  where  bending 
strength  and  stiffness  are  the  important 
properties  governing  design  and  applica- 
tion. Because  of  this,  bending  strength 
and  bending  stiffness  were  the  primary 
properties  evaluated. 

The  intended  end  use  also  requires 
the  product  to  resist  the  changing 
moisture  conditions  that  arise  in  service. 
Because  of  this,  phenolic-bonded  flake- 
board will  be  considered  under  require- 
ments similar  to  those  of  exterior-type 
softwood  plywood  and  not  of  the  inter- 
mediate or  interior  types  that  are  often 
used  for  sheathing  purposes. 

Background  Review 

Cyclic  boil-dry  treatments  are  most 
often  used  for  evaluating  weather- 
resistant  products.  This  treatment 
maximizes  the  effect  of  three  important 
influences  that  cause  degradation- -heat , 
moisture,  and  swelling  and  shrinking 
stresses.  Boil-dry  cycles  are  an 
empirical  mixture  of  the  three  influences 
rather  than  any  logical  or  intended 
simulation  of  a real-life  situation.  But 
repeated  boil  cycles  have  the  potential 
to  degrade  weather-resistant  products 
in  the  laboratory  at  a relatively  rapid 
rate  so  that  comparison  between  products 
can  be  made  in  a short  time. 

The  accelerated-aging  procedures  in 
common  use  today  for  evaluating  wood- 
based  materials  were  developed  primarily 
for  quality-control  purposes.  In  fact, 
ASTM  D 1037  cyclic  test  for  accelerated 
aging  (1),  which  is  a mixture  of  soaking, 
steaming,  freezing,  and  drying  through 
6 cycles  requiring  12  days,  is  the 
prescribed  test  in  the  product  standard 
for  Type  2 mat-formed  wood  particleboard 
(CS-236-66)  (12).  The  West  Coast  Adhesive 
Manufacturers  Association  (WCAMA)  (15,16) 
attempted  to  reduce  the  tine  required 
for  this  test  by  a 6-cycle  procedure  of 
vacuum-pressure  soaking,  boiling,  and 
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drying  to  be  completed  in  6 days.  This 
exposure  and  the  D 1037  treatment  are 
much  more  complicated  and  time-consuming 
than  the  single  boil -dry-boil  used  for 
quality  control  in  the  manufacture  of 
interior-type  softwood  plywood  (PS-1-73) 
(13). 

Shen  and  Wrangham  (11)  more  recently 
reported  on  the  development  of  a rapid 
accelerated-aging  test  also  for  quality- 
control  purposes.  They  evaluated  the 
2-hour  boil  followed  by  wet  testing, 
described  in  the  German  Standard  DIN 
68761  (5)  for  change  in  internal  bond 
(IB)  strength.  This  exposure  was  used  in 
the  Canadian  Standard  (CSA-0188-68)  (3) 
but  applied  to  bending  specimens.  Shen 
and  Wrangham  then  correlated  torsion 
shear  testing  with  the  more  traditional 
IB  test.  But  any  of  these  quality- control 
tests  provide  only  limited  inf ormat ion- - 
a two-point,  before-and-after  condition. 
They  cannot  be  used  for  estimating  the 
long-term  performance. 

There  is  little  background  informa- 
tion about  how  particleboard  responds  to 
exterior  exposure- -none  of  it  extends 
for  longer  than  8 years.  The  WCAMA 
tests  with  board  of  unknown  particle 
geometry  showed  MOR  losses  of  over  501 
in  5 years.  The  most  extensive  informa- 
tion on  flakeboard  durability  was  that 
by  Hann,  Black,  and  Blomquist  (7,8) 
and  Jokerst  (9)  at  the  Forest  Products 
Laboratory.  Weathering  of  phenolic- 
bonded  flakeboards  showed  bending 
strength  losses  of  50  to  63%  in  8 years 
at  the  Madison  site.  Clad  and  Schmidt- 
Hellerau  (4)  reported  data  for  3-year 
exposures  on  particleboards  produced  in 
Germany  with  alkaline-type  phenolic 
adhesives.  All  of  this  work  shows  a 
general  pattern  of  rapid  loss  of  strength 
and  stiffness  during  the  first  year  or 
two  of  exposure  with  a much  slower  rate 
of  loss  in  subsequent  years,  at  least 
through  8 years. 

Repeated  boil-dry  cycles  to  follow 
strength  losses  throughout  a product's 
useful  life  are  difficult  to  perform  in 
the  laboratory.  A limited  attempt  to  do 
this  was  made  during  the  early  develop- 
ment of  the  rate-process  method  of 
analysis  (6) . Specimens  were  carried 
through  as  many  as  35  standard  boil-dry- 
boil  cycles  (PS-1-74),  but  this  was  time- 
consuming  and  difficult  to  carry  out 
manually  during  normal  working  hours. 
Attempts  to  develop  machines  to  carry  out 
cyclic  tests  automatically  have  been 
described  in  the  literature  from  time  to 
time  with  the  most  successful  initiated 
at  the  Canadian  Forest  Products 
Laboratory  in  Vancouver  (14).  This 
equipment  was  further  refined  and  ex- 
tensively evaluated  by  the  Weyerhaeuser 
Company  (10) . The  developed  method  has 
been  adopted  as  an  ASTM  Standard  (D  3434, 
Multiple-Cycle  Accelerated- Aging  Test 
(Automatic  Boil  Test)  for  Exterior  Wet- 


Use  Wood  Adhesives)  (2).  While  the  equip- 
ment was  designed  and  used  for  evaluating 
standard  plywood  shear  specimens,  small 
lap  specimens,  and  finger-joint  specimens, 
modifications  in  design  would  adapt  the 
unit  to  evaluate  larger  sized  specimens 
such  as  flakeboard  bending  specimens. 

Any  extended  program  of  research  involving 
cyclic  accelerated  aging  of  either 
products  or  adhesives  would  benefit  from 
a machine  of  the  Weyerhaeuser  type. 

Experimental  Procedures 
Materials 

Flakeboard,  plywood,  and  wood 
samples  were  selected  for  comparison. 

Each  was  assigned  an  alphabet  identifica- 
tion that  is  referred  to  in  the  Results 
and  Discussion  and  all  tables  and  figures. 
These  materials  are  described  in  Table  1. 

Specimen  Selection 

Each  material  was  cut  into  specimens 
1/2  by  2 by  12  inches.  Enough  specimens 
were  cut  to  carry  out  the  planned  treat- 
ments and  sampling  schedules.  All  speci- 
ments  were  conditioned  to  80°F  (65% 
relative  humidity  (RH) ) prior  to  and 
after  accelerated-aging  exposures  to 
achieve  comparable  moisture  conditions 
at  time  of  test.  Specimens  were  mounted 
on  racks  designed  to  maintain  a 1/4-inch 
space  between  them  during  the  aging 
treatments . 

Accelerated-Aging  Exposures 

Boil-dry  exposure 

Thirty  specimens  from  each  material 
were  saturated  with  water  by  vacuum- 
pressure  soaking  and  immediately  placed  in 
boiling  water.  There  was  sufficient 
stored  heat  to  maintain  boiling  conditions 
when  cold  wood  samples  were  placed  in  the 
bath.  Distilled  water  was  used  in  the 
bath  to  reduce  scaling  problems.  After  10 
minutes,  the  specimens  were  removed,  al- 
lowed to  drain  momentarily,  and  then 
placed  in  an  air  circulating  oven  at 
225°F  for  drying.  At  the  end  of  3-3/4 
hours,  the  specimens  were  removed  and 
weighed.  The  drying  time  was  selected  so 
that  moisture  content  of  the  slowest 
drying  material  was  reduced  to  6 to  8%. 

only  before  the  first  boiling  treatment 
and  not  applied  to  subsequent  cycles. 

Five  randomly  selected  specimens  were 
removed  from  each  set  for  test  after  each 
of  the  prescribed  cycles--!,  5,  10,  20, 

40,  and  80.  Two  cycles  per  day  could  be 
accomplished. 

Vacuum -pres sure -soak -dry  exposure 

Replicates  of  five  specimens  for  each 
material  were  subjected  to  1,  5,  10,  20, 
and  40  cycles  of  vacuum-pressure-soak- 
dry  cycles.  Each  cycle  consisted  of  30 
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minutes  at  29  in.  Hg  vacuum  and  30  minutes 
of  pressure  at  60  psi  submerged  in  tap 
water  and  23  hours  of  drying  in  a forced- 
draft  oven  at  180*F.  Weighing  specimen 
sets  before  and  after  cycling  assured  that 
the  slowest  drying  material  was  reduced  to 
6 to  81  moisture  content  during  drying. 

One  cycle  per  day  could  be  accomplished. 

Accelerated  aging  by  ASTM  D 1037 

Five  specimens  for  each  material 
were  subjected  to  accelerated  aging  by 
ASTM  D 1037  accelerated-aging  test  pro- 
cedures consisting  of  6 cycles  of  the 
following  sequence; 

1.  Soaking  in  water  at  120°±3°F-- 
1 hour. 

2.  Spraying  with  steam  and  water 
vapor  at  200°±5°F--3  hours. 

3.  Storing  at  10°±5°F--20  hours. 

4.  Drying  at  210°+3°F--3  hours. 

5.  Repeating  2 above--3  hours. 

6.  Repeating  4 above--18  hours. 

This  procedure  requires  a minimum  of  12 
days  and  was  carried  on  for  each  material, 
yielding  only  before  and  after  values. 

Outdoor  exposure 

Thirty  individual  specimens  from 
each  material  were  placed  on  an  exposure 
rack  at  the  Madison  site.  The  specimens 
were  attached  with  brass  screws  and  ex- 
posed at  an  angle  of  60°  to  the  horizontal 
facing  south.  At  various  intervals  of 
time,  five  randomly  selected  specimens 
from  each  set  are  planned  for  removal  for 
test.  After  the  first  year  of  exposure, 
subsequent  exposure  periods  will  depend 
upon  the  extent  of  degradation  each 
material  already  experienced,  with  the 
view  to  test  all  specimens  of  each  type 
while  specimen  integrity  is  still  main- 
tained and  reasonable  rates  of  property 
loss  can  be  measured. 

Measurements  and  Physical  Testing 

Specimens  were  measured  for  thick- 
ness and  width  after  conditioning  at 
80°F,  65%  RH.  The  weight  of  specimen 
sets  was  measured  before  and  after 
accelerated  aging  exposure  and  after 
conditioning  at  80°F,  65%  RH. 

Each  specimen  was  tested  for  bending 
strength,  bending  stiffness,^  internal 


The  terms  "bending  strength"  and 
"bending  stiffness"  are  used  because  the 
specimens  used  in  this  study  are  smaller 
than  the  specimen  specified  in  ASTM  D 
1037  (3  by  14  in.)  for  determination  of 
modulus  of  rupture  and  modulus  of 
elasticity  of  1/2-inch-thick  specimens. 


bond  strength,  and  thickness  swell.  A 
span  of  10  inches  was  used  in  the 
bending  measurements. 

Measurements  of  tensile  strength 
perpendicular  to  the  face  (internal  bond) 
were  carried  out  on  the  ends  of  the 
specimens  broken  in  the  bending  strength 
tests,  selecting  portions  that  received 
the  least  strain  during  bending. 

Data  Analysis 

Bending  strength  and  bending  stiff- 
ness were  calculated  on  the  basis  of 
original  dimensions  measured  at  80°F, 

65%  RH,  before  exposure  to  accelerated 
aging.  For  unexposed  materials,  the  mean 
and  standard  deviation  were  calculated  for 
the  replicates  tested  to  provide  an 
original  property  value  and  an  indication 
of  the  variability  in  the  unexposed 
materials.  The  mean  value  for  replicates 
of  exposed  specimens  was  calculated  and 
converted  to  a percentage  of  the  property 
retained  by  comparison  with  the  original 
mean  value.  Any  change  in  variability 
that  might  have  taken  place  during  aging 
was  found  not  to  influence  the  general 
conclusions  reached  in  this  study. 

The  percentage  change  in  each 
property  obtained  during  accelerated  aging 
was  plotted  against  the  number  of  cycles 
exposed.  Inspection  of  a large  number  of 
these  plots  revealed  a rapid  property  loss 
in  the  first  cycle  followed  by  a generally 
uniform  slower  rate  of  loss  in  subsequent 
cycles.  Consequently,  a linear  regression 
line  was  calculated  by  the  least  squares 
method  to  provide  an  average  rate  of 
change  of  all  specimens  of  each  material 
subjected  to  accelerated  aging.  The 
values  for  unexposed  specimens  was  not 
included  in  the  calculations  of  the 
regression  lines.  Because  of  the  limited 
number  of  replicates,  the  variability 
among  specimens,  and  the  limited  objec- 
tives of  this  study,  more  sophisticated 
analysis  of  the  data  was  unwarranted. 

Results  and  Discussion 

The  properties  of  the  unexposed 
materials  evaluated  are  given  in  Table  2. 
The  flakeboards  at  0.60  to  0.64  specific 
gravity  were  generally  more  dense  than 
plywood  and  solid  wood  at  0.47  to  0.50 
specific  gravity.  Flakeboard  bending 
strength  ranged  from  about  2,658  psi 
to  4,927  psi,  in  contrast  with  plywood 
at  6,663  psi,  Douglas-fir  lumber  at 
14,346  psi,  and  southern  pine  lumber  at 
16,176  psi.  Bending  stiffness  for  the 
flakeboards  was  between  508  and  677  kpsi; 
plywood,  965  kpsi;  Douglas-fir  wood, 

2,007  kpsi;  and  southern  pine,  1,990  kpsi. 
The  internal  bond  value  of  127  psi  for 
plywood  was  within  the  range  of  the  values 
of  69  to  164  psi  for  the  flakeboards,  as 
compared  with  the  much  higher  values  of 
372  psi  for  Douglas-fir  wood  and  612  psi 
for  southern  pine  wood. 
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The  results  of  the  accelerated-aging 
tests  are  shown  in  Figure  1 for  bending 
strength  response,  in  Figure  2 for 
bending  stiffness,  in  Figure  3 for  in- 
ternal bond  strength,  and  in  Figure  4 
for  changes  in  thickness  swelling.  The 
figures  include  regression  lines  for  each 
material  subjected  to  the  cyclic  boil-dry 
and  vacuum-pressure  soak-dry  treatments, 
each  marked  with  the  appropriate  letter 
code.  The  results  of  the  D 1037  test  and 
the  1-year  test  fence  exposure,  providing 
single  values  for  each  material,  are 
shown  in  the  figures  on  a separate  "per- 
cent retained"  axis  with  the  individual 
letter  codes  placed  at  the  point  of 
retention  obtained. 

With  regard  to  bending  strength. 
Figure  1,  all  accelerated- aging  tests 
appeared  to  differentiate  among  the 
materials  in  the  same  way.  The  highest 
bending  strength  retention  was  obtained 
with  solid  wood  and  plywood.  The  four 
laboratory-prepared  flakeboards  were 
similar  in  their  bending  strength  re- 
tention, which  was  generally  at  a some- 
what lower  level  than  solid  wood  and  ply- 
wood. The  lowest  bending  strength 
retention  was  shown  by  the  commercially 
prepared  waferboard,  but  it  still  re- 
tained 30  to  40%  of  its  strength  after 
the  D 1037  test  and  after  40  cycles  of 
vacuum-pressure-soak-dry  or  50  cycles 
of  the  boil-dry  test.  The  commercially 
prepared  waferboard  is  believed  to  have 
a lower  binder  content  than  the  labora- 
tory-prepared flakeboards  evaluated  here. 
One  year  of  test  fence  exposure  reduced 
bending  strength  no  more  than  251  in 
all  cases.  For  the  flakeboards,  10  boil- 
dry  cycles  reduced  strength  more  than  1 
year  on  the  test  fence,  while  10  cycles 
of  the  vacuum-pressure- soak-dry  treat- 
ment reduced  strength  less  than  1 year 
on  the  test  fence. 

The  bending  stiffness  (Figure  2)  of 
solid  wood  and  plywood  did  not  change 
appreciably  during  any  of  the  accelerated- 
aging  treatments.  Stiffness  appeared 
to  increase  slightly  during  the  cyclic 
wetting  and  drying  treatments  with  the 
lumber  and  plywood,  and  only  10%  or 
less  was  lost  by  the  D 1037  test  or  1- 
year  test  fence  exposure.  The  four 
laboratory-prepared  flakeboards  lost 
stiffness  with  wet-dry  cycling  but  still 
retained  70  to  80%  after  80  boil-dry 
cycles  or  80  to  90%  after  40  VPS-dry 
cycles.  The  D 1037  test  and  1 year  of 
test  fence  exposure  produced  bending 
stiffness  losses  about  equivalent  to 
those  caused  by  50  to  60  boil-dry  cycles 
and  40  VPS-dry  cycles.  Again,  the 
commercially  prepared  waferboard  lost 
bending  stiffness  to  a greater  extent 
than  did  the  other  materials  evaluated, 
but  still  retained  more  than  40%  under 
the  most  severe  treatment,  80  boil-dry 
cycles . 

The  internal  bond  strength  (Figure 


3)  was  the  strength  property  undergoing 
the  most  change  during  accelerated  aging. 
Even  the  D 1037  test  produced  a 20%  loss 
in  internal  bond  with  solid  wood  and 
plywood.  This  loss  was  equivalent  to  the 
loss  after  10  to  20  boil-dry  and  VPS-dry 
cycles.  Continued  cycling  produced 
drastic  reductions  in  internal  bond 
strength  with  all  materials  evaluated, 
with  the  greatest  loss  being  exhibited 
by  the  commercially  prepared  waferboard. 
One-year  exposure  on  the  test  fence 
produced  only  moderate  losses  of  internal 
bond  strength  with  the  flakeboards  (60% 
or  better  retention)  and  little  change 
in  Douglas-fir  and  plywood. 

The  southern  pine  lumber,  after  ex- 
posure to  the  D 1037  conditions,  yielded 
lower  internal  bond  strength  than  ex- 
pected. Southern  pine  lumber  became 
noticeably  checked  in  all  accelerated 
tests  and  posed  experimental  problems 
during  testing,  especially  in  internal 
bond  strength  measurements. 

There  appeared  to  be  some  differences 
among  the  four  laboratory-prepared  flake- 
boards with  regard  to  internal  bond 
retention,  variances  which  were  not 
differentiated  by  either  bending  strength 
or  stiffness  measurements.  The  residue 
flakeboard  B lost  internal  bond  strength 
to  a greater  extent  than  did  flakeboard 
A which  had  been  prepared  with  a higher 
binder  content.  Flakeboard  L,  similar 
to  flakeboard  B but  prepared  from  a dif- 
ferent residue  mix,  lost  internal  bond 
strength  at  a rate  intermediate  to  that 
exhibited  by  flakeboards  A and  B.  The 
removal  of  fines  from  flakes  to  produce 
flakeboard  0 appeared  to  have  little 
effect  on  internal  bond  retention  in 
either  the  boil-dry  cycles  or  the  D 1037 
test.  There  was  a hint  of  improvement 
caused  by  fines  removal  with  the  VPS-dry 
treatment,  but  it  is  highly  unlikely  that 
the  noted  difference  is  statistically 
significant  considering  the  variability 
in  the  data. 

As  expected,  there  was  little  resi- 
dual thickness  swelling  (Figure  4)  with 
the  two  solid  wood  samples  or  plywood 
in  any  of  the  accelerated-aging  treatments. 
Of  these,  the  4%  thickness  swelling  of 
plywood  was  the  greatest.  All  laboratory- 
prepared  flakeboards  exhibited  thickness 
swelling  ranging  from  about  14%  to  27%, 
and  the  commercially  prepared  waferboard 
swelled  over  40%  after  80  boil-dry  cycles. 
The  boil-dry  cycles  caused  most  of  the 
thickness  swelling  during  the  first  few 
cycles,  with  only  minimal  changes  there- 
after. The  VPS-dry  cycles  caused  less 
svcelling  during  the  first  few  cycles.  The 
swelling  gradually  increased  to  about  the 
same  swelling  after  40  VPS-dry  cycles  that 
was  obtained  after  1 to  5 cycles  of  the 
boil-dry  treatment.  The  D 1037  produced 
about  the  same  thickness  swelling  as  1 to 
5 boil-dry  cycles  or  40  VPS-dry  cycles, 
with  the  exception  of  the  waferboard. 
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Thickness  swelling  after  1-year  test 
fence  exposure  was  no  greater  than  10^, 
in  all  cases. 

The  tes»t  fence  exposures  were  con- 
sidered to  be  an  accelerated  treatment 
because  individual  test  specimens,  rather 
than  panels  were  exposed  in  a position 
to  provide  maximum  opportunity  for 
wetting  and  drying.  After  1-year  expo- 
sure, two  laboratory-prepared  flakeboards 
(A  and  B)  retained  83  and  91%  bending 
strength  and  90  and  71%  internal  bond 
strength,  respectively.  Previous  out- 
door exposure  tests  (7,8,9)  had  involved 
panel  exposure  in  a vertical  position 
facing  south  and  strength  test  specimens 
were  cut  from  panel  centers  with  the 
edges  discarded--a  much  less  rugged  ex- 
posure. A flakeboard  bonded  with  6% 
phenolic  resin  and  no  wax,  when  exposed 
in  this  fashion  for  1 year,  retained 
52%  bending  strength  and  47%  internal 
bond  strength.  After  8 years'  exposure 
these  values  decreased  only  to  48% 
bending  strength  retention  and  33%  in- 
ternal bond  strength  retention.  Com- 
paring these  results  with  those  from  the 
present  study  where  fence  exposure 
degradation  was  accelerated  suggests 
that  the  phenolic-bonded  flakeboards 
should  perform  well  for  many  years  during 
outdoor  weathering.  Results  of  strength 
tests  after  additional  years  of  exposure 
will  be  needed  to  verify  this  indication. 

Significance  of  This  Work 

The  results  of  these  accelerated- 
aging  tests,  provide  confidence  that 
phenolic-bonded  flakeboards  manufactured 
from  forest  residues  would  serve  well  in 
many  structural  applications.  They  re- 
tained a respectable  level  of  bending 
strength  and  stiffness  when  exposed  to 
soaking  and  drying  so  severe  that  even 
solid  lumber  and  marine-grade  plywood, 
whose  performance  is  well  recognized, 
suffered  appreciable  losses. 

A comparison  of  the  accelerated 
aging  procedures  suggests  that  multiple 
cycles  of  boiling  and  drying,  capable 
of  automation,  could  detect  differences 
in  material  behavior  in  a manner  similar 
to  that  produced  by  the  standard,  but 
more  complicated,  method. 
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TABLE  1. 


DESCRIPTION  OF  1/2- INCH  BOARD  MATERIALS. 


Material 

Species 

Flake 

Board 

weight 

Phenolic 

resin 

Wax 

Press 

Press 

tempera- 

ture 

conditions 

Time  to  Press 
thick-  time 

ness 

In. 

Pcf . 

Percent 

Percent 

II 

Min . 

liin . 

A 

FPL  flakeboard 

Douglas-fir 

0.015  X 1 

40 

6 

1 

350 

1 

10 

random  width 

B 

FPL  residue  mix 

Douglas-f ir 

faces  0.02  x lx  2 

40 

5 

1 

350 

1 

10 

(15-70-15 

disk 

weight) 

core  0.05  x 2 

random  width  ring 

C 

Commercial 

Aspen 

Yes 

waferboard 

L 

FPL  residue  mix 

Douglas-fir 

faces  0.02  x 1 x 2 

44 

5 

1 

350 

1 

10 

(15-70-15) 

disk 

core  0.05  x 2 

random  width  ring 

0 

FPL  residue  mix 

Douglas-fir 

faces  0.02  x 1 x 2 

41 

5 

1 

350 

1 

10 

(15-70-15) 

disk 

fines  removed 

core  0.05  x 2 

random  width  ring 

P 

Commercial 

Douglas-fir 

Yes 

plywood 

Heartwood 

Douglas-fir 

X 

Sapwood 

Southern  pine 

TABLE  2.  — PROPERTIES  OF  UNEXPOSED  MATERIALS. 


Material 

Specific 

gravity 

Thickness 

Bending 
strength ' 

Bending 
stiffness ' 

Internal 
bond  ’ 

In . 

Psi 

Kpsi 

Psi 

A-FPL  flake 

0.64 

0.51* 

4,927 

(760) 

677  (70) 

164  (20) 

B-FPL  residue 
f lake 

.61 

.52 

3,799 

(650) 

608  (57) 

83  (21) 

C-Commercial 

wafer 

.60 

.53 

2,658 

(335) 

508  (34) 

69  (12) 

L-FPL  residue 
flake 

.63 

.52 

4,588 

(1,117) 

711  (104) 

107  (16) 

0-FTL  residue 
flake 

.62 

.52 

4,886 

(667) 

670  (26) 

125  (21) 

P-Plywood 

.47 

.48 

6,663 

(915) 

965  (180) 

127  (24) 

W-DF  wood 

.48 

.50 

14,346 

(1,900) 

2,007  (276) 

372  (66) 

X-SP  wood 

.52 

.50 

16,176 

(1,937) 

1,990  (366) 

612  (89) 

’First  value  is  mean  for  10  specimens  tested  for  materials  A,  B,  C,  P,  W,  and  X,  and 
for  5 specimens  for  L and  0.  Value  in  parentheses  is  standard  deviation. 
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STIFFNESS  RETAINED  (PERCENT)  STRENGTH  RETAINED  (PERCENT) 


0 - 
0 


20  40  60  80 


0 20  40 


CYCLES 


CYCLES 


Figure  1. — Bending  strength  of  material.  A,  B,  C,  L,  and  0 are  flakeboards , 

P is  plywood,  and  W,  X are  from  solid  wood  (see  Table  1 for  identification). 


BOIL- DRY  D-1037  TEST  VPS-DRY 


CYCLES  CYCLES 

Figure  2. — Bending  stiffness  of  material.  A,  B,  C,  L,  and  0 are  flakeboards, 

P is  plywood,  and  W,  X are  from  solid  wood. 
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THICKNESS  SWELL  (PERCENT)  STRENGTH  RETAINED  (PERCENT) 


BOIL- DRY 


VPS-DRY 


D-1037  TEST 


CYCLES  CYCLES 


Figure  3. — Internal  bond  of  materials.  A,  B,  C,  L,  and  0 are  flakeboards , 
P is  plywood,  and  W,  X are  from  solid  wood. 


BOIL-DRY  D-1037  TEST  VPS-DRY 


CYCLES  CYCLES 

Figure  4. — Thickness  swell  of  material.  A,  B,  C,  L,  and  0 are  flakeboards, 
P is  plywood,  and  W,  X are  from  solid  wood. 
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PROPERTIES  OF  FLAKEBOARD  PANELS  MADE  FROM  SOUTHERN  SPECIES 


Eddie  W.  Price 
Wood  Scientist 

Southern  Forest  Experiment  Station 
USDA  Forest  Service 
Pineville,  Louisiana 


Abstract 

Structural  exterior  flakeboards  manu- 
factured with  phenolic  resin  and  flakes 
produced  on  a shaping- lathe  headrig  were 
evaluated  for  plate  shear  modulus,  inter- 
nal bond,  bending  properties,  uniform 
loading,  concentrated  loading,  and  impact 
resistance.  Both  mixed-  and  single- 
species 4-  by  8-foot  flakeboards  were 
produced.  Panels  with  mixed  flakes  had 
20  percent  by  weight  of  hickory,  white 
oak,  southern  red  oak,  sweetgum,  and 
southern  pine.  The  variables  in 
fabricating  these  panels  were: 

1.  Aligned  (oriented)  face  and  core 
flakes  in  panels  of  two 
densities  and  thicknesses  of 

1/2  and  5/8  inch. 

2.  Randomly  oriented  (random)  face 
and  core  flakes  in  panels  of 
two  densities  and  thicknesses 
of  1/2  and  5/8  inch. 

Single-species,  1/2-inch-thick  boards  of 
one  density  class  were  fabricated  with 
random  flakes  of  yellow-poplar  and  lob- 
lolly pine. 

Regression  equations  for  the  mixed 
species  panels  indicated  that  at  46  pcf 
density,  a shear  modulus  of  192,000  psi 
would  be  obtained  for  the  oriented 
panels.  Random  panels  of  this  density 
would  have  35%  larger  shear  modulus. 

Based  on  a specimen's  initial  dimensions, 
70%  of  the  bending  strength  was  retained, 
while  the  modulus  of  elasticity  increased 
after  accelerated  aging  exposure. 

Initial  bending  properties  depended  on 
panel  direction  tested  and  on  flake 
orientation.  Oriented  panels  stressed 
along  the  8-foot  axis  had  the  highest 
bending  strength  (5,412  psi  for  1/2-inch 
panels) ; bending  strength  across  the  4- 
foot  width  was  lower  (3,346  psi).  Modulus 
of  elasticity  was  more  affected  by  flake 
alignment  than  was  bending  strength.  In 
oriented  panels  modulus  of  elasticity  was 
967,000  psi  along  the  8-foot  axis  and 
377,400  psi  across  the  panel;  random 
panels  stressed  along  the  8-  and  4-foot 
axis  had  bending  strengths  of  5,034  psi 
and  4,214  psi  and  moduli  of  elasticity 
of  710,400  psi  and  554,000  psi.  When 
bending  strength  and  modulus  of 
elasticity  were  averaged  over  both  direc- 
tions, the  oriented  panels  averaged 
higher  than  the  random  panels.  Internal 
bond  of  all  panels  after  accelerated 
aging  exposure  decreased  from  the  initial 


acceptable  internal  bond  (greater  than 
70  psi)  to  below  30  psi. 

For  200-  and  300-pound  concentrated 
loads  applied  2-1/2  inches  from  the  edge 
on  1-  and  3-inch  disks,  respectively, 
oriented  and  random  panels  had  similar 
deflection  values.  However,  failure 
loads  applied  on  the  disks  were  higher 
for  the  random  panels  than  for  the 
oriented  panels.  Also,  the  random  panels 
retained  more  strength  after  a 3-day 
water  spray  than  the  oriented  panels. 

In  general,  the  oriented  panels  deflected 
less  than  random  panels  in  tests  of 
distributed  load  over  a 24-inch  span. 

For  a 16-inch  span,  dry-tested  5/8-inch 
random  panels  deflected  less  than  oriented 
panels . 

Oriented  and  random  mixed  species 
flakeboard  had  less  impact  resistance 
than  southern  pine  plywood.  Oriented 
flakeboards  of  1/2-inch  thickness  had 
less  impact  resistance  than  random  flake- 
boards of  this  thickness.  In  5/8-inch 
thickness,  random  mixed  species  flake- 
boards tested  wet  had  greater  impact 
resistance  than  oriented  flakeboards; 
when  tested  dry,  oriented  boards  of  this 
thickness  had  greater  impact  resistance. 

Introduction 

The  Southern  Forest  Experiment 
Station's  efforts  at  using  forest  residues 
for  structural  flakeboards  focuses  on 
underused  hardwoods  growing  on  southern 
pine  sites.  Hse  et  al.  (1975)  indicated 
that  two  methods  of  constructing  three- 
layer  pressed  boards  made  from  flakes 
produced  on  a shaping  - lathe  headrig  could 
probably  meet  use  requirements  and  Forest 
Service  goals  (Schaffer  1974) . In  the 
first  of  these  constructions  (random) , 
flakes  are  randomly  oriented  throughout 
the  board;  in  the  second  (oriented), 
flakes  on  face  and  back  are  aligned  with 
one  axis  of  the  board,  while  core  flakes 
are  randomly  placed.  Test  panels  18 
inches  square  and  1/2-inch  thick  were 
fabricated  in  the  laboratory  according  to 
the  specifications  proposed  by  Hse  et  al . 
The  panels'  strength  properties  are 
tabulated  on  the  following  page. 

Small  test  panels  were  fabricated 
with  relative  ease;  it  is  more  difficult, 
however,  to  lay  up  and  press  commercial 
4-  by  8-foot  panels.  Research  indicated 
that  the  larger  panels  could  be  fabricated; 
but,  a small  percentage  decrease  in 
strength  properties  should  be  expected 
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Board  property 

Oriented 

Random 

Board  density,  pounds 
per  cu.  ft. 

45.5 

47.5 

Modulus  of  elasticity 
(MOE) , psi 

1,090,000 

800,000 

Bending  strength,  psi 

6,600 

5,300 

Internal  bond,  psi 

82 

83 

(Price  1975).  Commercial  production  might 
therefore  require  heavier  or  thicker 
boards  to  compensate. 

In  this  study  4-  by  8-foot  panels  of 
various  densities  and  thicknesses  were 
fabricated.  Evaluation  of  plate  shear, 
bending,  internal  bond,  and  24-hour  water 
soak  specimens  cut  from  the  4-  by  8-foot 
boards  are  discussed  in  Part  I.  The 
second  section  discusses  panel  behavior 
under  concentrated,  distributed,  and 
impact  loadings  of  4-  by  4-foot  sections. 

Experimental  Procedure 
Fabrication 


but  at  lower  temperature  and  specific  mat 
pressure- -340®F  and  450  psi. 

Density 


Panel  density  depended  on  the  method 
of  fabrication,  flake  orientation,  and 
species  mixture.  Panel  density,  in  pounds 
per  cubic  foot  (pcf) , was  based  on  weight 
and  volume  at  about  6%  moisture  content. 
Twenty-eight  random  panels  were  fabricated 
at  each  of  the  following  densities. 

Panel  thickness 

Species  1/2-incF  5/8-incE 

(pcf) 

Mixed  species  47,  49  45,  47 


Yellow-poplar 


43.5 


Loblolly  pine 


45. 


Because  the  equipment  used  to  form 
the  oriented  panels  caused  substantial 
variation  (as  high  as  10  pcf)  among  the 
panels,  each  thickness  group  was  sorted 
into  two  average  density  classes  con- 
taining 27  panels  : 


Panels  were  a mix  of  20%  each  by 
weight  of  hickory  (Carya  sp.), white  oak 
(Quercus  alba  L.),  southern  red  oak  (Q. 
f alcata  var.  falcata) , sweetgum  (Liqui - 
dambar  styraciflua  L. ) , and  southern 
pine  (^Pinus  sp.).  Flake  and  panel 
specifications  are  in  Table  1.  The  4- 
by  8-foot  panels  were  manufactured  with: 

(a)  random  face  and  core  flakes  and 

(b)  oriented  face  and  core  flakes.  Also, 
4-  by  8-foot,  single-species,  random- 
flake  panels  were  fabricated  using  either 
yellow-poplar  (Liriodendron  tulipifera 
L.)  or  loblolly  pine  (Pinus  taeda) ^ 

Mixed  species  panels  were  made  1/2-  and 
5/8-inch  thick;  those  of  single  species 
were  made  in  the  1/2-inch  thickness 

only . 

Random  panels  were  batch  formed  with 
a commercial  resin  at  the  U.S.  Forest 
Products  Laboratory,  Madison,  Wisconsin. 
The  panels  were  pressed  two  at  a time  in 
a single-opening  nress  20  feet  long. 

Both  1/2-  and  5/ 8-inch  boards  were  pressed 
at  350°F  and  575  psi.  Press  time  for  the 
1/2-inch  board  was  7.5  minutes;  for  the 
5/8-inch,  9.5  minutes.  The  FPL  press  had 
a 15-  to  20-second  pause  between  the  time 
of  contact  of  the  top  platen  with  the 
mat  and  the  time  pressure  commenced. 
Because  of  this  pause,  a top  caul  was  used 
to  retard  heat  transfer  and  precure. 

Oriented  panels  were  fabricated  with 
specially  formulated  resin  (Hse  1976) 
in  the  pilot  plant  of  Potlatch  Corp.  at 
Lewiston,  Idaho.  The  panels  were  made  in 
a double-opening  press  8.5  feet  long. 

These  1/2-  and  5/8-inch  panels  were 
pressed  for  the  same  amount  of  time  as 
the  random  panels,  7.5  and  9.5  minutes. 


Thickness  Density 

1/2-inch  46.6,  51.3 

5/8-inch  45.6,  47.9 

The  densities  of  specimens  cut  from 
panels  and  used  in  the  tests  are  reported 
on  an  ovendry  basis  and  are  somewhat 
less  than  the  densities  of  the  full-size 
panels . 

Tests 

From  each  density  group,  eight  panels 
were  chosen  at  random  and  cut  into  two 
4-foot-square  sections.  One  section  was 
reserved  for  the  concentrated  and  dis- 
tributed load  tests  discussed  in  part  II. 
The  other  4-foot  section  was  dissected 
into  small-size  test  specimens  (Fig.  1). 

Plate  shear  specimens,  17.5  inches 
square,  were  tested  according  to  ASTM  D 
3044-72  (ASTM  1974).  Bending,  internal 
bond,  and  24-hour  water  soak  tests  were 
conducted  according  to  ASTM  D 1037-72 
(ASTM  1974)  , with  the  addition  of  a 
modified  aging  test. 

Four  sets  of  three  bending  specimens 
were  taken  from  each  4-  by  4-foot  section 
of  panel  (Fig.  1).  From  each  set,  an 
original -condition  (65%  RH  at  72°F), 
accelerated-aging,  and  modified  aging 
specimen  was  randomly  selected.  Fifteen- 
inch  test  spans  were  used  for  1/2-inch- 
thick  bending  specimens,  and  18-inch  spans, 
for  5/8-inch  specimens. 

Internal  bond  specimens  used  for  the 
65%  RH,  accelerated  aging,  and  modified 
aging  tests  were  removed  from  bending 
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specimens.  Internal  bond  samples  used 
for  the  50%  RH  test  were  cut  from  the  4- 
by  4-foot  sections  of  panel  (Fig.  1). 

The  modif ied-aging  regime  consisted 
of  three  complete  cycles  of: 

1.  Immersing  in  water  at  120°±3°F 
for  6 hours. 

2.  Heat  in  dry  air  at  210°+3°F  for 
18  hours. 

Before  testing,  material  was  conditioned 
at  72°±3°F  and  RH  of  65°±ll  for  at  least 
1 week. 

Statistical  Analysis 

Linear  regressions  were  used  for 
comparing  board  constructions  and  thick- 
ness • All  differences  were  statis- 
tically significant  at  the  0.005  level  of 
probability.  When  comparing  properties 
that  have  a significant  linear  relation- 
ship with  density,  comparisons  are  made 
at  46  pcf  densities  for  mixed-species 
panels  and  42  pcf  for  s ingle  - species 
panels . 

Results 

Plate  Shear 

At  a density  of  46  pcf,  the  shear 
modulus  of  the  random  panels,  259,000  psi, 
is  351  higher  than  that  of  the  oriented 
panels,  192,000  psi.  The  regression 
slopes  of  panel  density  on  shear  modulus 
are  statistically  equivalent  for  both 
5/8-inch  panels  and  the  1/2-inch  random 
panel  (Table  2).  Since  the  slope  of  the 
1/2-inch  oriented  panels  was  not 
equivalent  to  the  1/2-inch  random  panel, 
at  higher  or  lower  densities  the  35% 
difference  in  shear  moduli  will  not  be 
maintained . 

Bending 

Based  on  regressions  calculated  for 
a density  of  46  pcf  (Table  3) , oriented 
panels  have  better  bending  properties 
than  random  panels  if  both  the  8-foot 
and  4-foot  directions  are  averaged,  even 
though  oriented  panels  were  pressed  at 
lower  pressure  and  cold-cut  flakes  were 
used.  In  the  8-foot  direction,  oriented 
panels  have  better  bending  properties 
than  random  panels;  in  the  4-foot  direc- 
tion random  panels  have  the  better 
bending  properties  (Table  4).  The  direc- 
tional effects  held  for  both  1/2-  and 
5/8-inch  thicknesses.  Bending  properties 
of  1/2-inch  mixed  species  panels  were 
lower  than  those  of  5/8-inch  panels. 

When  directional  property  ratios 
(DPR),  that  is,  the  bending  strength  or 
modulus  for  the  8-foot  direction  divided 
by  that  for  the  4-foot  direction,  equals 
1.0,  complete  randomization  is  achieved. 
The  higher  the  ratios,  the  better  the 


orientation.  The  DPR  of  5/8-inch  panels 
was  greater  than  that  of  1/2-inch  panels, 
indicating  an  increase  in  directional 
property  difference  with  increased  thick- 
ness . 

Random  mixed  species  panels  had  DPR's 
of  1.15  in  bending  strength  (MOR)  and  1.21 
in  modulus  of  elasticity  (MOE) . Single- 
species panels  averaged  1.21  and  1.26  for 
MOR  and  MOE.  These  DPR's  indicate  that 
the  forming  system  at  FPL  caused  a small 
degree  of  orientation. 

Oriented  panels  had  a DPR  of  1.79  in 
bending  strength  and  2.70  in  MOE,  so 
Potlatch's  orienting  equipment  was  success- 
ful in  orienting  the  flakes.  Visual 
analysis  indicated  that  the  oriented 
panels'  DPR  was  influenced  by  two  factors. 
First,  the  alignment  mechanism  for  core 
flakes  functioned  better  than  the 
mechanism  for  face  flake  alignment. 

Second,  a consistent  feed  rate  at  the  mat 
forming  station  could  not  be  obtained, 
resulting  in  an  unbalanced  core-face  ratio. 

In  general,  modified  aging  did  not 
reduce  bending  properties  as  much  as  the 
ASTM  accelerated  aging  (Table  5) . For 
the  mixed- species  panels  at  46  pcf,  60% 
and  78%  of  the  bending  strength  was  re- 
tained after  accelerated  and  modified 
aging,  respectively.  Single -species 
panels  retained  93  and  95%  of  their 
bending  strength  after  aging  exposures. 

Since  MOR  and  MOE  after  aging  are 
based  on  the  specimen's  original  dimen- 
sions, substantial  swelling  during  aging 
may  indicate  either  a loss  or  gain  in 
strength  and  stiffness,  which  is  reflected 
mostly  in  the  MOE  values  (Table  5) . 

Internal  Bond 

The  internal  bond  (IB)  at  46  pcf 
was  not  affected  by  the  orientation  of 
the  flakes  (Table  6) . Internal  bond  was 
affected  by  thickness  and  was  the  only 
property  tested  for  which  1/2-inch  boards 
had  better  values  than  5/8-inch  boards. 
However,  internal  bond  of  the  5/8-inch 
boards  could  be  improved  by  a longer  press 
time  and  greater  pressure.  Also,  face 
densif ication  on  all  panels  could  have 
been  improved  by  greater  pressure. 

The  pressing  schedules  used  did  not 
significantly  densify  the  face  of  the 
panels,  which  yielded  a uniform  density 
profile  throughout  the  panel  thickness. 
Most  IB  failure  of  mixed-species  panels, 
regardless  of  exposure  condition  and  panel 
thickness,  occurred  in  the  face  flakes 
(Table  7) . Because  of  the  uniform  density 
profile,  sanding  before  testing  would 
probably  not  have  decreased  the  incidence 
of  face-flake  failures.  The  experimental- 
ly determined  linear  relations  (Table  6) 
indicated  that  to  obtain  an  IB  strength 
of  70  psi,  density  of  1/2-inch  mixed 
species  panels  must  exceed  43  pcf  and 


5/8-inch  panels  must  exceed  47  pcf. 

As  exposure  induced  weathering  or 
moisture  increased,  IB  decreased 
(Table  8).  Increasing  RH  from  50  to  65% 
decreased  IB  an  average  of  7.6  psi  be- 
cause of  moisture  increase  or  density 
decrease  or  both.  Modified  aging  and 
accelerated  aging  reduced  IB  strength 
drastically.  The  average  modified  aging 
strength  (13.5  psi)  is  only  21%  of  the 
65%  RH  average.  Accelerated  aging 
reduced  the  IB  an  additional  8%.  For  the 
mixed-species  panels,  only  10%  of  the  65% 
RH  strength  was  retained  after  ac- 
celerated aging,  but  the  single-species 
panels  retained  28%.  An  improvement  in 
aged  IB  should  improve  other  properties 
and  may  decrease  the  property  differences 
discernible  after  modified  and  ac- 
celerated aging  exposure. 

24-Hour  Soak 

Linear  regressions  on  density  of 
percent  water  absorbtion  based  on  weight 
gain  (WAW) , and  percent  thickness  swell 
per  percent  moisture  content  increase 
(TM)  were  significant  for  mixed-species 
panels.  Comparisons  among  regressions 
(slopes)  indicate  that  panel  thickness 
did  not  affect  the  density  relation- 
ships. But,  flake  orientation  was 
significant.  Combining  the  panel  thick- 
nesses for  each  flake  orientation, 
linear  regressions  for  WAW  and  TM  on 
dens i ty  ( p)  are ; 


Panel  type 

Linear  regression 

R^ 

Sy  • p 

Random 

WAW=70. 37-1 . 12p 

0.663 

2.651 

TM=-3. 78+0. 183p 

.553 

. 546 

Oriented 

WAW=99. 81-1 . 48p 

. 537 

4 . 267 

TM=-2.35+0.136p 

.350 

. 608 

The  dimensional  stability  was  in- 
fluenced by  the  fabrication  variables. 
Random  panels’  linear  expansion  (LE)  is 
larger  in  the  4-foot  direction,  while 
the  oriented  panels  have  the  largest  LE's 
in  the  8-foot  direction  (Table  9).  As 
previously  discussed,  equivalent  layer 
orientation  or  randomization  and  balanced 
layer  flake  quantity  was  not  obtained. 

If  the  three- layered  mats  had  been'*' 
fabricated  with  cores  and  faces  of  equal 
weight  and  equally  well  aligned,  then  the 
linear  expansion  values  would  have  been 
equal  in  both  directions. 

Concentrated  and  Distributed 
Load  Evaluation 

Test  Procedure 

The  eight  4 - foot  - square  sections  per 
density  group  that  remained  after  the 
original  4-  by  8-foot  panels  were  cut, 
were  randomly  divided  into  two  groups. 

The  sections  were  tested  for  concen- 


trated and  distributed  loads;  one  group 
was  tested  on  16-inch  joist-type  spacing 
and  the  other  on  24-inch  spacing.  Panel 
sections  used  for  the  24-inch  spacing 
were  cut  in  the  panel's  original  8-foot 
direction  to  yield  two  2-  by  4-foot 
pieces.  Panels  for  the  16-inch  spacing 
were  obtained  by  removing  16  inches  from 
the  inside  edge  (an  edge  that  had  been 
part  of  the  interior  of  the  original 
4-  by  8-foot  panel)  of  a 4-  by  4-foot 
section,  and  then  cutting  the  section 
in  half  in  the  8-foot  direction.  This 
left  two  24-  by  32-inch  sections  for 
testing.  One  piece  of  each  section  to 
be  used  for  the  24-inch  and  16-inch 
spacings  was  designated  for  a wet  test; 
the  other,  for  a 50%  RH  test  (dry). 

For  the  wet  test,  panels  were  ex- 
posed to  a continuous  3-day  water  spray 
applied  to  the  top  surface  (loading  sur- 
face) of  the  panel.  While  they  were 
sprayed,  panels  were  inclined  vertically. 
Spray  heads  vsrere  calibrated  to  apply  about 
6 gallons  of  water  per  hour  to  each  panel. 
After  the  spray,  panels  were  nailed  to 
framing  members  and  evaluated  within  8 
hours  for  initial  concentrated  load 
deflections,  distributed  load,  and  con- 
centrated load  to  failure  in  the  same 
sequence  as  the  dry  test  panels. 

All  panels  were  nailed  to  nominal 
2-  by  8-inch,  kiln-dried.  No.  2 (or 
better)  grade,  southern  pine  framing 
(Fig.  2);  the  8-foot  dimension  of  the 
panel  spanned  the  framing  members.  Panels 
were  attached  with  8d  common  nails  spaced 
about  6 inches  on  center  and  about  3/8 
inch  from  the  edge  along  outside  framing 
members.  Nails  were  12  inches  on  center 
on  the  middle  framing  member.  A nominal 
1-  by  4-inch  board  was  nailed  to  the 
lower  part  of  each  end  of  the  frame  to 
prevent  rotation  of  the  structure. 

For  the  concentrated  load  test  of 
panels  on  24-inch  spans,  a disk  3 inches 
in  diameter  was  placed  at  mid-span  2-1/2 
inches  from  the  panel's  outside  edge 
(an  edge  on  the  outside  of  the  original 
4-  by  8-foot  panel)  (Fig.  2).  A 300-pound 
load  was  applied  to  the  disk  at  0.20  inch 
per  minute.  Once  the  300-pound  load  was 
removed,  a 1-inch  disk  was  placed  2-1/2 
inches  from  the  edge,  directly  across  the 
span  from  the  first  load.  A 200-pound 
load  was  applied  to  the  disk  at  0.20 
inch  per  minute.  Next,  the  load  was 
removed  and  another  200-pound  load  on  a 
1-inch  disk  was  applied  2-1/2  inches  from 
the  same  edge  as  the  original  300-pound 
load  but  on  the  opposite  span.  The  final 
load  was  300  pounds  on  a 3-inch  disk 
applied  to  the  remaining  edge. 

For  testing  the  16-inch  spans,  a 
200-pound  load  was  applied  first,  then 
two  300-pound  loads,  and  a final  200- 
pound  load.  In  all  cases,  deflection 
of  the  underside  of  the  panel  at  the  point 
of  load  was  continuously  recorded.  The 
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deflection  measuring  device  was  fastened 
so  that  deflection  readings  were  relative 
to  the  joists. 

Within  a few  hours  after  the  con- 
centrated load  tests,  2,000-pound 
distributed  loads  were  applied  twice  to 
the  panels.  With  each  load,  panel  de- 
flection at  the  center  of  span  was  re- 
corded relative  to  the  joist. 

After  the  distributed  load  test,  the 
panels  were  subjected  to  concentrated 
loads  to  failure.  Procedures  for  loading 
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When  the  inside  and  outside  edge 
values  and  both  densities  (highest  two 
density  groups  for  5/8-inch  random  mixed 
species  panels)  were  averaged,  the 
oriented  and  random  panels  had  statis- 
tically equivalent  (0.05  level)  deflec- 
tions for  equal  thicknesses  (Table  10). 
The  largest  differences  between  random 
and  oriented  panels  occurred  in  the  wet 
test.  In  this  test,  the  deflection  of 
oriented  panels  exceeded  that  of  random 
panels  for  all  24-inch  spans  and  one 
16-inch  span. 

Failure  loads  on  random  panels  sig- 
nificantly exceeded  failure  loads  on 
oriented  panels  under  wet  and  dry  condi- 
tions. Also,  the  random  panels  retained 
more  of  their  dry  strength.  For  example, 
the  24  - inch  - span , random  panels  evaluated 
wet  retained  81%  of  their  dry  strength, 
oriented  panels  retained  74%.  For  16- 
inch  spans,  random  panels  retained  74% 
and  oriented  panels  retained  62%  of  their 
dry  strength.  In  fact,  for  the  24-inch 
span,  the  failure  load  of  the  random 
panels  when  wet  was  about  equal  to  the 
failure  load  of  the  oriented  panels  when 
dry . 

Oriente d panels  usually  deflected 
less  and  sustained  more  weight  when  a 
load  was  applied  near  the  inside  edge 
than  when  it  was  applied  near  the  outside 
edge  (Table  11).  Although  the  case  was 
not  as  clear  for  random  panels,  the  out- 
side edge  tended  to  be  stronger  than  the 
inside.  In  most  cases,  as  the  density 
of  random  panels  increased  deflection 
diminished  and  maximum  load  rose.  In 
contrast,  several  cases  occurred  where 
1/2-inch  oriented  panels  evaluated  on 
24-inch  spans  deflected  more  and  sup- 
ported less  weight  as  panel  density  in- 
creased . 


All  1/2-inch  panels  evaluated  on 
24-inch  spans  deflected  less  than  0.25 
inch  when  dry  tested  and  more  than  0,35 
inch  when  wet  tested.  The  5/8-inch 
panels  on  24-inch  spans  had  less  than 
0.25-inch  and  0.38-inch  average  deflection 
for  dry  and  wet  tests.  By  increasing 
panel  thickness  from  1/2  to  5/8  inch, 
panel  deflection  for  200-  and  300-pound 
loads  was  reduced  about  40%  for  both  wet 
and  dry  conditions.  Failure  load,  applied 
on  1-  and  3-inch  disks,  increased  at  least 
25%  with  the  1/8-inch  increase  in  panel 
thickness.  The  relationships  held  for 
the  16-inch  spans  except  for  maximum  load 
applied  to  wet  panels  on  a 3-inch  disk. 

By  decreasing  the  span  from  24  inches 
to  16  inches,  the  deflection  caused  by  a 
200-pound  load  applied  on  a 3-inch  disk 
decreased  2.5  times  for  the  dry  test  and 
2.3  times  for  the  wet  test.  The  shorter 
span  also  increased  the  weight  of  failure 
loads , the  amount  depending  on  the  loading 
disk,  test  condition  , and  panel  construc- 
tion. In  general,  dry-test  load  on  panels 
increased  21%,  and  wet-test  load  increased 
19%  . 

The  200-pound  uniform  load  equalled 
250  pounds  per  square  foot  (psf)  on  panels 
nailed  over  24-inch  spans  and  375  psf 
on  panels  nailed  over  16-inch  spans.  Al- 
though the  longer  span  supported  less 
weight  per  square  foot,  the  deflection 
ratio  of  24-inch  to  16-inch  spans  was 
5.0  for  the  dry  test  and  5.7  for  the  wet 
test.  For  the  24-inch  span,  random  mixed 
species  panels  deflected  more  than 
oriented  panels  under  wet  and  dry  condi- 
tions. The  1/2-inch  random  and  oriented 
panels  deflected  about  the  same  when  dry- 
tested  on  16-inch  spans.  In  the  wet-test, 
1/2-  and  5/8-inch  random  panels  deflected 
more  than  oriented  ones.  The  5/8-inch 
random  panels  deflected  less  than  oriented 
panels  when  dry  tested. 

Impact 

Procedure 

Six  panels  from  each  density  group 
were  chosen  at  random  for  impact  evalua- 
tion. The  only  5/8-inch  random  mixed 
species  panels  used  were  from  the  two 
low-density  groups.  Nineteen  southern 
pine  plywood  panels  of  two  thicknesses 
(1/2-inch  with  three  plies  and  5/8-inch 
with  four  plies)  were  purchased  from  six 
building  suppliers  in  central  Louisiana. 

A 1/2-inch  and  5/8-inch  panel  from  each 
supplier  was  randomly  selected  for  impact 
evaluation. 

All  1/2-inch  panels  were  cut  into 
4-  by  4-foot  sections;  5/8-inch  panels 
were  cut  to  obtain  one  48-  by  32-inch 
piece  from  each  end.  One  section  was 
used  for  dry  test  (50%  RH  condition).  The 
other  section  was  designated  for  a 3-day 
water  spray  before  evaluation.  The  water- 
spray  cycle  consisted  of  the  same  regime 
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as  in  the  concentrated- load  test,  and 
all  panels  were  nailed  to  frames  as  des- 
cribed in  the  concentrated- load  section. 
All  1/2-inch  panels  were  evaluated  on  24- 
inch  spans;  the  5/8-inch  panels  were 
evaluated  on  16-inch  spans. 

Both  spans  of  each  panel  were  tested. 
Impact  locations  were  at  mid-span  6 inches 
inward  from  the  edge  (Fig.  3).  A 200- 
pound  load  was  applied  to  a 3-inch  disk 
at  the  designated  impact  location  before 
each  drop  of  the  impact  load  and  after 
failure.  The  deflection  resulting  from 
the  concentrated  load  was  recorded 
relative  to  the  joist.  After  removal  of 
the  concentrated  load,  a leather  bag 
containing  enough  No.  9 lead  shot  to 
total  30  pounds  was  released  by  a remote- 
controlled  solenoid- act ivated  pair  of 
jaws.  The  drop  bag  conformed  to  ASTM  E 
72-68  (1968).  The  first  drop  height  was 
6 inches  and  height  was  increased  in  6- 
inch  increments  until  the  panel  would  not 
support  the  200-pound  load  or  a failure 
was  observed.  The  maximum  drop  height 
(MDH)  was  recorded,  and  the  deflection 
caused  by  each  drop  was  recorded  relative 
to  the  joist. 

Results  of  Impact  Test 

Southern  pine  plywood  had  greater 
average  impact  resistance  than  any  of  the 
flakeboard  panels  (Table  12).  However, 
yellow-poplar  flakeboards  that  were  wet 
tested  had  a higher  impact  resistance 
than  plywood  that  was  wet  tested.  Only 
the  1/2-inch  oriented  mixed  species 
flakeboards  had  a deflection  at  maximum 
drop  height  that  was  less  than  that  of 
plywood. 

Considerable  variation  was  observed 
in  the  impact  resistance  of  different  ply- 
wood panels  and  between  locations  on  one 
panel.  For  instance,  the  5/8-inch  ply- 
wood that  was  dry-tested  had  an  average 
MDH  on  the  inside  edge  of  56  inches 
(range  of  18  to  90  inches)  and  an  average 
on  the  outside  edge  of  84  inches  (range 
of  66  to  120  inches)  (Table  13).  The 
1/2-inch  plywood  had  a more  consistent 
average  MDH  (64  inches  for  both  edges) , 
but  the  range  was  36  to  78  inches  for  the 
outside  edge  and  12  to  102  inches  for  the 
inside  edge. 

Among  flakeboards,  yellow-poplar 
panels  had  the  greatest  and  1/2-inch 
oriented  panels  the  least  impact  resis- 
tance. Results  for  random  pine  panels 
were  similar  to  those  for  random  mixed 
species  panels.  The  5/8-inch  random 
flakeboard  had  a higher  MDH  than  similar 
oriented  flakeboard  for  the  wet  test  but 
a lower  MDH  for  the  dry  test.  The  dif- 
ference may  have  occurred  because  of 
excessive  thickness  swell  and  water  ab- 
sorption by  the  oriented  panels. 

Except  for  yellow-poplar  flakeboards, 
the  impact  resistance  and  deflection  of 


1/2-inch  panels  in  the  dry  test  were 
similar  to  those  in  the  wet  test.  Among 
5/8-inch  panels,  the  random  panels  and 
plywood  had  more  impact  resistance  when 
wet  than  when  dry  tested.  Oriented  panels 
and  plywood  deflected  more  when  wet  tested 
than  when  dry  tested. 

After  impact  failure,  all  panels  sup- 
ported the  200-pound  concentrated  load. 
Except  for  a few  cases,  the  deflection 
ratio--final  deflection/initial  deflection 
--exceeded  1.50  but  was  greater  than  1.86 
only  for  the  wet  5/8-inch  oriented  mixed 
species  flakeboards.  Among  1/2-inch 
panels,  plywood  had  the  lowest  deflection 
ratio  for  both  wet  and  dry  conditions. 

But  the  ratio  for  5/8-inch  random  flake- 
board was  less  than  that  for  5/8-inch 
plywood  for  the  dry  test  and  equal  for  the 
wet  test. 

The  200-pound  concentrated  load 
caused  less  initial  deflection  for  all 
types  of  flakeboards  than  for  plywood  when 
equal  thicknesses  were  compared.  After 
failure,  the  plywood  deflected  slightly 
less  than  flakeboard  of  equal  thickness 
except  for  the  dry  tested  1/2-inch  yellow- 
poplar  flakeboards  and  wet  tested  5/8-inch 
oriented  mixed  species  flakeboards. 
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Table  1. --Flake  and  panel  fabrication  specifications  for  4-  by  8-foot  structural  flakeboards 


Property 

Specifications 

Flake  generation 

From  6-inch  bolt  on  shaping  lathe 

Flake  length 

3 inches 

Core  flakes 

0.025  inch  thick,  milled  for  width  reduction 

Face  flakes 

0.015  inch  thick,  random  bolts  heated  to  160°F 
oriented  bolts  at  ambient  temperature 

Flake  moisture  content 

3 to  4% 

Mat  construction 

Layered  with  each  face  1/4  of  total  weight 

Surface  treatment 

Sprayed  4.32  g of  water  per  square  foot  of  surface  area 

Resin  binder 

6%  liquid  phenol -formal dehyde  resin  1/ 

Wax 

1%  wax  solids  from  wax  emulsion 

]_/  Hse,  C.-Y.  1975.  Formulation  of  an  economical  fast-cure  phenolic  resin  for  exterior 


hardwood  flakeboard.  Proceedings  of  the  9th  Particleboard  Symposium,  Pullman,  Wash. 


Table  2. --Summary  of  shear  modulus  and  regression  equations 


FI akeboard 
panel  type 

Number 

of 

Moisture 

Density 

Shear 
modul us 

Li  near 

regression , 

, G - a 

+ bo 

test 

content 

1/ 

G 

a 

b 

Syp 

specimens 

1 

pcf 

thousand  psi 

1/2-inch  oriented 
mixed  species 

16 

10.34 

42.55 

173.84 

- 90.157 

6.131 

0.840 

8.395 

16 

9.78 

46.85 

193.95 

1 /2-inch  random 

16 

10.24 

46.31 

261  .57 

mixed  species 

16 

10.17 

48.00 

276.80 

-122.291 

8.302 

.670 

13.213 

5/8-inch  oriented 
mixed  species 

16 

10.02 

41  .09 

155.41 

-155.924 

7.573 

.861 

9.855 

16 

10.30 

45.48 

188.40 

5/8-inch  random 
mixed  species 

16 

10.01 

42.60 

235.94 

- 91  .683 

7.622 

.777 

12.601 

16 

9.99 

45.46 

252.52 

8 

10.20 

49.48 

288.24 

1 /2-inch  random  pine 

16 

10.66 

41  .95 

266.89 

N.S. 

1/2-inch  random 
yellow-poplar 

16 

9.50 

42.25 

301 .30 

N.S. 

]_/  Density 

based  on  OD 

weight  and 

volume  at 

test. 
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Table  3. --Regression  relationship  between  density  and  bending  properties. 


Panel  Type 

Exposure 

condition 

Panel 
di  recti  on 

1/ 

0 = a 

+ bp , 

psi 

1/  E 

= a + bp 

, thousand  psi 

a 

b 

r2 

Sy  .p 

a 

b 

r2 

Sy-p 

fi- 

l/2-inch  oriented 

65%  RH 

8 

-4846 

223 

.642 

616 

-633.78 

34.80 

.746 

74.95 

mixed  species 

4 

-2358 

124 

.735 

232 

- 67.90 

9.68 

.536 

27.98 

Modi f ied 

8 

-7986 

267 

.813 

525 

-125.27 

45.88 

.931 

51  .15 

aging 

4 

-4409 

150 

.659 

318 

-750.92 

24.15 

.355 

96.91 

Accelerated 

8 

-6990 

237 

.749 

420 

-138.43 

48.71 

.943 

52.40 

aging 

4 

-2498 

107 

.640 

233 

-321 .13 

14.44 

.455 

45.80 

1/2-inch  random 

65%  RH 

8 

-8122 

286 

.583 

519 

-870.64 

34.37 

.633 

56.03 

mixed  species 

4 

- 800 

109 

.317 

542 

42.62 

11.12 

.292 

58.89 

Modified 

8 

-8320 

270 

.543 

552 

-608.47 

27.45 

.389 

76.86 

aging 

4 

-5642 

199 

.505 

416 

-744.03 

27.77 

.666 

41 .48 

Accelerated 

8 

-7024 

232 

.724 

349 

-112.67 

39.01 

.750 

54.70 

aging 

4 

-4152 

159 

.530 

379 

-764.09 

28.29 

.765 

39.70 

5/8-inch  oriented 

65%  RH 

8 

-8157 

302 

.549 

881 

-906.85 

42.02 

.596 

111.08 

mixed  species 

4 

-2712 

124 

.449 

411 

-141 .28 

10.49 

.413 

37.62 

Modi  fied 

8 

-9505 

297 

.642 

697 

-147.26 

50.60 

.574 

137.10 

aging 

4 

-3451 

123 

.487 

346 

-315.06 

13.57 

.558 

32.99 

Accelerated 

8 

-5095 

183 

.539 

565 

-105.57 

38.66 

.520 

123.27 

agi  ng 

4 

-2557 

120 

.724 

249 

-157.31 

9.29 

.286 

37.37 

5/8- inch  random 

65%  RH 

8 

-4606 

212 

.644 

541 

-226.39 

20.91 

.542 

66.52 

mixed  species 

4 

-4329 

190 

.732 

376 

-444.06 

23.29 

.583 

64.59 

Modified 

8 

-4169 

179 

.760 

360 

-515.52 

26.16 

.774 

50.48 

aging 

4 

-4034 

166 

.641 

420 

-693.51 

28.20 

.712 

59.21 

Accelerated 

8 

-2012 

113 

.544 

373 

-337.90 

15.48 

.269 

91  .93 

agi  ng 

4 

-1921 

84 

.310 

320 

-419.01 

16.49 

.291 

86.71 

1/2- inch  random 

65%  RH 

8 

-5944 

263 

.721 

547 

-583.99 

31.02 

.856 

42.45 

pine 

4 

-1230 

122 

.611 

363 

-222.20 

18.76 

.798 

35.21 

Modi fi ed 

8 

-2492 

164 

.621 

404 

-708.69 

33.53 

.694 

70.25 

agi  ng 

4 

-3286 

171 

.725 

352 

-371 .91 

22.22 

.711 

47.46 

Accelerated 

8 

-5037 

225 

.643 

570 

-649.18 

31 .94 

.774 

58.79 

agi  ng 

4 

N.S. 

-502.53 

25.39 

.528 

64.87 

1/2- inch  random 

65%  RH 

8 

-3196 

217 

.729 

637 

-448.91 

30.96 

.831 

67.16 

yel low-popl  ar 

4 

-7728 

310 

.804 

351 

-583.76 

30.02 

.742 

40.92 

Modi  fied 

8 

-3537 

221 

.561 

757 

-733.93 

38.26 

.744 

87.18 

aging 

4 

-5642 

255 

.634 

526 

-580.75 

30.21 

.594 

67.85 

Accelerated 

8 

-5140 

262 

.694 

757 

-1054.43 

48.53 

.829 

96.04 

aging 

4 

-4741 

230 

.568 

536 

-619.80 

31.70 

.649 

62.24 

1/  a = bending  strength;  p = density  based  on  OD  weight  and  volume  at  65%  R.H.; 
“ E = modulus  of  elasticity. 
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Figure  1. --Diagram  for  cutting  test  specimens 
from  full-size  panels. 


BENDING 

INTERNAL  BOND 
PLATE  SHEAR 
WATER  ABSORPTION 


Table  4 . - - CaJ_cu_l  ated  bending  propertie s of  panels  pressed  to 
a density  of  46  pounds  per  cu^c  foot  I7 


Panel  Panel  Exposure  condition 


type 

di recti  on 

65%  R.H. 

Modified  aging 

Accelerated  agin 

BENDING 

STRENGTH,  psi 

1/2-inch  oriented 

8 

5412 

4296 

3912 

mixed  species 

4 

3346 

2491 

2424 

1 /2-inch  random 

8 

5034 

4100 

3648 

mixed  species 

4 

4214 

3512 

3162 

5/8-inch  oriented 

8 

5735 

4157 

3323 

mixed  species 

4 

2992 

2207 

2963 

5/8-inch  random 

8 

5146 

4065 

3186 

mixed  species 

4 

4411 

3602 

1943 

1 /2-inch  random 

8 

5102 

4396 

4413 

pi  ne 

4 

3894 

3896 

1/2-inch  random 

8 

5918 

5745 

5864 

yel low-popl  ar 

4 

5292 

5068 

4919 

MODULUS 

OF  ELASTICITY, 

, thousand  psi 

1/2-inch  oriented 

8 

967.02 

1985.21 

2102.23 

mixed  species 

4 

377.38 

359.98 

343.11 

1/2- inch  random 

8 

710.38 

1871 .17 

1681 .79 

mixed  species 

4 

554.14 

533.39 

537.25 

5/8-inch  oriented 

8 

1026.07 

2180.34 

1672.79 

mixed  species 

4 

341 .26 

309.16 

270.03 

5/8-inch  random 

8 

735.47 

687.84 

374.18 

mixed  species 

4 

627.28 

603.69 

339.53 

1/2-inch  random 

8 

718.85 

699.57 

692.30 

pine 

4 

565.72 

561 .33 

563.85 

1 /2-inch  random 

8 

851 .41 

872.99 

983.83 

yellow-poplar 

4 

677.08 

688.07 

711.60 

]_/  Density  based  on  ovendry  weight  and  volume  at  65%  R.H. 
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Table  5 .--Surnnary  of  bending  properties 


Panel  type 

65% 

RH  test  condition 

After 

mod i f i ed 

^ 7j — 

aging  ^ 

After 

■j 

accelerated  aging_/ 

Moisture 

content 

Density 
at  test 
1/ 

Bendi ng 
strength 

Modulus 

of 

elastic! ty 

Density 

Bending 

strength 

Modulus 

of 

elasticity 

Dens i ty 

Modul us 

Bending  of 

strenath  elasticitv 

% 

Pcf 

Psi 

Thousand  psi  

8- 

FOOT  DIRECTION 

1/2-in.  orienteo 

10.86 

42.68 

4831 

866.89 

79.9 

77.9 

■ 87.8 

73.8 

67.8 

81 .5 

mixed  species 

10.39 

47.75 

5676 

1009.57 

79.5 

76.9 

86.3 

72.5 

10.1 

87.7 

1/2-in.  random 

10.68 

43.13 

4314 

609.55 

80.4 

76.8 

100.1 

73.4 

68.8 

90.4 

mixed  species 

10.66 

45.68 

4852 

701.48 

78.2 

84.2 

91.7 

71 .3 

71 .6 

91 .2 

5/8-in.  oriented 

10.64 

42.82 

4655 

776.04 

77.3 

68.0 

87.0 

72.2 

54.1 

74.5 

mixed  species 

10.33 

46.33 

5999 

1060.48 

75.2 

72.3 

85.0 

65.8 

55.0 

58.0 

5/8-in.  random 

10.91 

39.10 

3748 

606.05 

83.5 

75.2 

83.9 

77.7 

61.7 

39.6 

mixed  species 

10.79 

41 .69 

4026 

639.85 

81 .0 

77.7 

87.7 

74.6 

63.6 

55.1 

10.58 

45.78 

5526 

736.90 

80.3 

78.4 

95.0 

73.1 

60.4 

41.5 

1/2-in.  random 

11.27 

39.28 

4384 

634.45 

88.0 

91 .8 

101 .5 

83.5 

83.8 

92.7 

pine 

1/2-in.  random 

10.68 

39.44 

5375 

772.10 

83.8 

96.6 

100.3 

84.4 

91.5 

105.0 

yel low-poplar 

4- 

FOOT  DIRECTION 

1/2-in.  oriented 

10.63 

42.67 

2909 

346.70 

79.5 

76.9 

83.4 

73.9 

69.3 

81 .6 

mixed  species 

10.43 

47.32 

3554 

388.97 

79.2 

84.1 

102.2 

72.4 

69.3 

89.9 

1/2-in.  random 

10.63 

44.13 

4043 

530.34 

79.7 

87.7 

92.9 

74.4 

69.2 

86.0 

mixed  species 

10.56 

46.15 

4300 

572.71 

78.5 

79.4 

92.5 

71.2 

67.0 

88.2 

5/8-in.  oriented 

10.76 

42.48 

2440 

302.14 

77.0 

71.9 

86.3 

72.2 

63.7 

75.1 

mixed  species 

10.41 

45.65 

3027 

340.04 

75.0 

76.5 

93.0 

65.5 

64.7 

78.9 

5/8-in.  random 

10.90 

39.39 

3274 

484.17 

83.4 

76.2 

87.6 

78.5 

64.3 

41.5 

mixed  species 

10.88 

42.04 

3611 

550.20 

80.5 

75.7 

83.4 

74.6 

62.8 

52.4 

10.66 

45.47 

4274 

574.27 

80.4 

90.6 

112.5 

73.4 

72.5 

55.0 

1/2-in.  random 

pi  ne 

11.64 

39.54 

3594 

519.48 

86.3 

101 .5 

102.3 

82.8 

127.2 

100.2 

1/2-in.  random 

yel low-poplar 

10.74 

39.39 

4493 

598.40 

82.8 

100.5 

103.9 

78.0 

92.6 

106.8 

V Density  based  on  OD  weight  and  volume  at  test. 


1j  Average  percent  retention  of  the  initial  values. 
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Table  6. --Regression  equation  relating  density  to  internal  bond  strength 


of  mixed- 

-speci es 

panels  1/ 

Panel  types  and 

IB  at 

Linear  regression 

. IB  = 

a + bp 

. psi 

exposure  conditions 

46  pcf 

a b 

R^ 

Sy.p 

1/2-inch  oriented 

• 

50%  K.H. 

91.8 

-170.36  5.70 

0.508 

13.50 

65%  R.H. 

83.0 

-112.03  4.24 

.442 

16.03 

1 /2-inch  random 

50%  R.H. 

84.2 

-223.55  6.69 

.505 

7.98 

65%  R.H. 

79.2 

- 59.74  3.02 

.176 

18.77 

5/8-inch  oriented 

50%  R.H. 

74.1 

-241.05  6.85 

.572 

14.54 

65%  R.H. 

64.1 

-158.10  4.83 

.442 

16.70 

5/8-inch  random 

50%  R.H. 

75.1 

-206.43  6.12 

.598 

12.56 

65%  R.H. 

67.4 

- 99.56  3.63 

.466 

13.03 

]_/  Density  based  on  OD  weight  and  volume  at  test 

Table  7.--Percent 

i nternal 

bond  failures  occurring  at 

designated 

locations  for  1/2-  inch  panels  conditioned  at 

50  percent  R.H. 

Board  type 

Failure  location-^ 

and  density 

F C 

I 

L 

Percent 

Oriented 

43.22 

59.4  31.2 

9.4 

0 

46.75 

89.1  3.1 

7.8 

0 

Random 

46.59 

56.3  35.9 

7.8 

6.3 

47.92 

59.4  23.4 

17.2 

4.7 

Pine 

43.38 

28.1  64.1 

7.8 

4.7 

Yellow-poplar 

42.40 

26.6  65.6 

7.8 

6.3 

1/  F = face  I = face-core  interface 

C = core  L = large  folded  flake  occupying  at  least 

30  percent  of  failure  surface. 


111 


Table  S.  — Summary  of  internal  bond  properties  for  flakeboard  panels  subjected  to  various  exposures 


Panel  Types 

50%  R. 

,H. 

65% 

R.H. 

Modified  Aging 

Accelerated  Aging 

DensityV 

IB 

Density^/  IB 

Density-^ 

IB 

Density^/ 

IB 

pcf 

Psi 

pcf 

psi 

pcf 

psi 

pcf 

Pii 

1/2-inch  oriented 

43.22 

77.4 

42.67 

71 .1 

43.24 

12.8 

42.46 

7.6 

mixed  species 

46.75 

95.0 

47.54 

86.8 

47.16 

19.5 

46.43 

11.6 

1 /2-inch  random 

46.59 

88.7 

43.63 

72.8 

; 44.21 

13.0 

42.78 

6.6 

mixed  species 

47.92 

96.4 

45.92 

81.6 

45.98 

14.3 

45.36 

7.5 

S/8-inch  oriented 

43.72 

57.4 

42.65 

44.0 

t 42.46 

5.7 

42.43 

4.3 

mixed  species 

47.56 

85.4 

45.99 

70.0 

1 46.70 

7.6 

45.49 

5.5 

5/8-inch  random 

42.19 

52.6 

39.25 

41.3 

1 38.99 

6.6 

38.56 

4.9 

mixed  species 

44.61 

65.7 

42.45 

54.4 

41.77 

7.8 

41  .20 

5.2 

48.42 

90.7 

45.63 

71.1 

46.21 

10.4 

45.50 

6.4 

1 /2-inch  random 

pi  ne 

43.38 

71.5 

39.40 

59.7 

’ 40.22 

24.9 

39.54 

17.1 

1/2-inch  random 

yellow -poplar 

42.40 

68.3 

39.41 

65.1 

39.62 

25.7 

38.58 

17.1 

Avg . 

45.16 

77.  2 

43.21 

65.3 

43.33 

13.5 

47.57 

8.5 

1/  Density  based  on  OD  weight  and  volume  at  50%  R.H. 

y Density  based  on  OD  weight  and  volume  at  65%  R.K. 

Table  9. --Dimensional  stability  measured  by 

24-hour  water  soak 

Panel  type 

Water 

Linear  expansion 

and  density,  pcf 

absorbti on 

Thickness  swell 

8-foot  4 

-toot 

direction  direction 

— 

%/%  M.C.  1/ 

«y 

1/2-in.  oriented 

mixed  species 

43.63 

30.0 

20.8 

0,338 

0.085 

0.030 

48.30 

36.4 

17.8 

.383 

.079 

.020 

1/2-in.  random  mixed  species 

43.95 

21.4 

13.2 

.454 

.055 

.090 

45.68 

21.0 

13.2 

.445 

.062 

.101 

5/8-in.  oriented 

mixed  species 

42.54 

36.6 

22.7 

.463 

.193 

.143 

47.16 

27.8 

19.0 

.351 

.190 

.129 

5/8-in.  random  mixed  species 

38.77 

26.7 

13.3 

.342 

.058 

.116 

42.03 

22.5 

12.0 

.383 

.028 

.057 

47.07 

17.1 

9.6 

.428 

.065 

.085 

1/2-in.  random  pine 

40.37 

27.3 

12.9 

.331 

.020 

.053 

1/2-in.  random  yellow-poplar 

39.42 

20.5 

9.9 

.372 

.025 

.035 

1_/  The  percent  thickness  swell  per  percent  change  in  moisture  content. 
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Figure  2. — Diagram  of  test  location  for  the 
concentrated  load  evaluations. 
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Figure  3. — Diagram  of  test  location  for 
impact  test . 
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1/2-inch  random  yel low-poplar 

40.8  .104  .122  .159  .154  858  630  501  681  .161  .182  .247  .211  1016  889  724  915  .041  .051  6.3  25.9 


Table  12.  Average  impact  test  and  200-pound  concentrated  load  evaluation  on  flakeboards  and 
plywood  panels.  The  ratio  of  flakeboard  to  plywood  is  inside  the  parentheses. 

Deflection  with  200-pound 
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inside  edge;  0 = outside  edge. 


MANUFACTURE  AND  PERFORMANCE  OF  FULL-SIZE  STRUCTURAL 
FLAKEBOARDS  FROM  DOUGLAS-FIR  FOREST  RESIDUES 

J.  Dobbin  McNatt^ 

Technologist 

Forest  Products  Laboratory 
USDA  Forest  Service 


Madison , 

Abstract 

The  Forest  Products  Laboratory  manufactured 
and  assessed  the  performance  of  4-  by  8-foot 
structural  flakeboard  panels  from  Douglas-fir 
forest  residues  after  target  performance  goals 
were  developed.  The  42  Ib/cu.ft.,  three-layer 
boards  were  1/2  inch  thick  with  high  quality  disk 
cut  flakes  for  the  faces  and  lower  quality  flakes 
processed  through  a ring  flaker  in  the  core.  More 
than  200  panels  were  produced.  Basic  mechanical 
and  physical  properties  were  evaluated,  as  well 
as  durability  and  performance  under  concentrated 
and  impact  loading,  racking  strength  of  wall  and 
floor  sections,  and  fire  exposures.  Bending 
strength  and  stiffness  were  both  below  the  target 
goals.  Most  other  goals  were  met;  including 
those  for  shear  and  nailholding  properties,  in- 
ternal bond,  and  hardness.  Panels  used  as  wall 
sheathing  exceeded  specified  acceptance  standards 
for  full-size  walls.  Under  concentrated  load, 
panels  met  maximum  load  and  deflection  recom- 
mendations of  the  Uniform  Building  Code  for  roofs 
and  floors.  Under  fire  exposure,  the  panels  had 
a class  B flame  spread  rating  and  exceeded  the 
fire  endurance  requirement  for  exterior  walls  of 
one-  and  two-family  dwellings. 

Introduction 

Forest  residues  which  have  been,  at  times, 
estimated  to  amount  to  9.6  billion  cubic  feet  an- 
nually, can  be  grouped  into  three  primary  cate- 
gories: timber  damaged  by  insects,  disease  and 

fire;  logging  residues;  and  precommercial  thin- 
ning. Logging  residues  alone  offer  more  than 
three  times  the  volume  of  raw  material  used  an- 
nually  in  the  plywood  industry  (.J) . 

To  improve  the  utilization  of  these  residues, 
the  U.S.  Forest  Service  set  up  a national  research 
program  to  develop  a structural  flakeboard  that 
could  be  manufactured  from  this  presently  unused 
material  (8) . 

The  goals  of  the  research  at  the  Forest 
Products  Laboratory  (FPL)  were  to  provide  the 
technology  and  procedures  that  would  enable  in- 
dustry to  produce  a panel  product  made  primarily 
from  softwood  logging  residues  that  would  be 


Symposium  paper  prepared  from  six  reports 
for  publication  written  by:  W.F.  Lehmann  (2  re- 

ports); M.J.  Hyvarinen  and  M.J.  Superfesky;  J.D. 
McNatt  and  M.J.  Superfesky;  W.J.  McCutcheon;  and 
C.A.  Holmes,  et  al.,  and  listed  in  the  Introduc- 
tion. 
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Underlined  numbers  in  parentheses  refer  to 
literature  cited  at  the  end  of  this  paper. 


Wisconsin 

fully  adequate  as  an  exterior-grade  construction 

material.  This  paper  is  a summary  of  the  fol- 
lowing reports  prepared  as  part  of  the  Forest 

Service  National  Structural  Flakeboard  Program. 

1.  Manufacture  of  full-size  structural  flake- 
boards  - William  F.  Lehmann. 

2.  Small  specimen  properties  of  full-size  struc- 
tural flakeboards  from  Douglas-fir  forest 
residues  - Matti  J.  Hyvarinen  and  Michael  J. 
Superfesky. 

3.  Dimensional  stability  of  FPL  structural 
flakeboard  - William  F.  Lehmann. 

4.  Concentrated  and  impact  load  testing  of  FPL's 
structural  flakeboard  - J.  Dobbin  McNatt  and 
Michael  J.  Superfesky. 

5.  Racking  strength  of  panels  sheathed  with 
Forest  Service  structural  flakeboard  - 
William  J.  McCutcheon. 

6.  Fire  performance  of  structural  flakeboard 
from  forest  residues  - Carlton  A.  Holmes, 
Herbert  W.  Eichner,  John  J.  Brenden,  and 
Robert  H.  White. 


Manufacture  of  Full-Size  Panels 

The  raw  materials  used  were  primarily 
Douglas-fir  forest  residues  gathered  from  log- 
ging operations  on  the  western  slopes  of  the 
Cascade  Mountains  in  Washington  State  and  shipped 
to  the  Forest  Products  Laboratory,  Madison, 
Wisconsin.  These  were  primarily  broken  logs  of 
diameters  varying  from  about  5 to  24  inches  and 
containing  variable  amounts  of  decay. 

The  materials  were  segregated  for  conver- 
sion into  flakes  such  that  they  contained  ap- 
proximately 75  percent  sound  wood  larger  than 
6 inch  diameter,  12-1/2  percent  wood  with  decay, 
6-1/4  percent  sound  wood  less  than  6 inches  in 
diameter,  and  6-1/4  percent  bark.  The  overall 
flakeboard  manufacturing  process  is  outlined 
in  Figure  1. 

The  better  residues  were  selected  for  face 
flake  material  and  debarked.  Face  flake 
material  was  then  cut  into  billets  2 inches 
along  the  grain  and  1 inch  in  width.  These  bil- 
lets then  were  flaked  in  the  laboratory  disk 
flaker. 

The  remaining  residues  were  cut  into  12  to 
13  inch  lengths.  These  lengths  were  fed  into  a 
drum  chipper  constructed  to  produce  chips  of  1/4 
to  3/8  inch  thickness  and  2 to  2-1/2  inches  in 
length.  The  large  chips  were  further  processed 
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through  a ring  flaker.  The  following  factors 
remained  constant  during  manufacture: 

Raw  material — Douglas-fir  forest  residues 
Panel  size — 0.5  x 50  x 108  inches 
Panel  density — 43  pcf  (target) , based  on  oven 
dry  weight  and  nominal  volume 
Face  flakes — 0.02  x 1 x 2 inch  disk  flakes 
Core  flakes — 0.05  x 2 x random  width  ring  flakes 
Face:  core  flake  ratio — 30:70  percent  by  weight 

of  flakes 

Resin  binder  and  amount — liquid  phenolic  resin, 

5 percent  resin  solids  based  on  ovendry  weight 
of  flakes 

Wax  type  and  amount — wax  emulsion,  1 percent 
wax  solids  based  on  ovendry  weight  of  flakes 
Mat  moisture  content — 10  - 1 percent 
Press  cycle — 10  minutes  at  305°F,  press  closed 
to  stops  in  1 minute 
Trimmed  panel  size — 48  x 96  inches. 

Phenolic  resin  and  wax  were  blended  together 
and  applied  to  the  flakes  by  air  spray  at  3 to  4 
oz/min/spray  gun  at  40  psi  atomizing  air  pressure. 

Immediately  following  blending,  the  flakes 
were  formed  into  the  three-layered,  50  x 108  inch 
mats  using  a simple  mechanical  foritring  device. 
Because  of  the  press  size,  4 x 20  feet,  two  mats 
were  required  for  each  press  load.  The  formed 
mats  were  placed  end-to-end  and  loaded  into  the 
54  X 250  inch,  steam-heated,  3,000  ton  capacity 
hot-press.  The  press  was  immediately  closed  and 
the  pressure  cycle  shown  in  Figure  2 was  followed. 
Press  temperature  was  350°F.  The  pressure-time 
step  sequence  shown  was  used  to  approximate  as 
closely  as  possible  the  press  cycle  normally  used 
with  small-size  laboratory  panels.  The  short 
delay  at  the  beginning  allowed  the  surface  flakes 
to  heat  prior  to  the  rapid  application  of  high 
pressure.  This  then  provided  a high  density 
surface  to  promote  high  stiffness.  The  step 
pressure  decreases  used  after  reaching  the 
desired  thickness  provided  a means  of  maintaining 
thickness  while  reducing  the  transfer  of  pressure 
to  the  stop  bars. 

In  total,  216  panels  were  produced  in  this 
study,  of  which  the  final  151  panels  were  ran- 
domly assigned  to  the  various  strength,  fire, 
stability,  and  durability  tests.  The  initial  65 
panels  were  produced  to  develop  the  procedural 
sequences  needed  to  manufacture  efficiently  a 
consistent  and  high-quality  panel  product. 


Basic  Engineering  Properties  From 
Small  Specimen  Tests 

Specimen  Preparation  and  Testing 

Basic  engineering  properties  of  the  full- 
size  Douglas-fir  structural  flakeboards  were 
determined  using  small-specimen  tests  to  compare 
their  quality  with  target  performance  goals  es- 
tablished early  in  the  Forest  Service  Structural 
Flakeboard  program.  Properties  evaluated 
included  bending,  tension,  compression,  internal 
bond,  shear,  nail  holding,  hardness  and  impact. 
Tests  were  conducted  on  specimens  conditioned 
to  EMC  at  65  percent  relative  humidity.  Some 
tests  were  also  conducted  after  24-hour  water- 


soak  and  after  accelerated  aging.  Overall 
density  and  density  gradient  were  also  deter- 
mined. Tests  were  performed  according  to  ap- 
plicable ASTM  Standards  (4_>5^) . Sixty-five  of 
the  final  151  panels  were  randomly  selected  for 
small  specimen  tests  and  the  small  specimens 
were  cut  both  parallel  to  and  perpendicular  to 
the  panel  length  from  randomly  selected  areas  of 
each  of  the  65  panels. 

Results 

The  static  bending  and  nail-holding  proper- 
ties are  summarized  in  Tables  1 and  2;  the  hard- 
ness, impact  resistance  (falling  ball  tests), 
internal  bond  strength,  strength  in  tension  and 
compression  parallel  to  surfaces,  and  shear  in 
Table  3. 

Equilibrium  moisture  content  at  65  percent 
relative  humidity  averaged  8.0  percent,  and 
density  averaged  41.6  Ib/cu  ft  as  determined 
from  static  bending  specimens.  Density  gradient 
through  the  panel  thickness  is  shown  in  Figure  3, 
as  determined  from  selected  specimens. 

Both  modulus  of  rupture  (MOR)  and  modulus 
of  elasticity  (MOE)  in  bending  indicated  that 
the  Forest  Service  structural  flakeboard  had 
some  directional  properties  despite  the  random 
flake  orientation.  Averages  along  and  across 
the  forming  direction  were  4,700  and  4,260  psi 
in  MOR  and  714,000  and  673,000  psi  in  MOE, 
respectively . 

Forest  Service  Flakeboard 
and  Target  Values 

The  target  values  (Table  4)  were  met  or 
exceeded  for  modulus  of  rupture  after  aging 
(the  actual  value  was  84  percent  of  the  dry 
value  vs.  the  target  value  of  at  least  50  per- 
cent), lateral  nail-holding  dry  (503  vs.  300 
pounds)  and  wet  (332  vs.  150  pounds),  nail-head  ^ 
pull-through  (460  vs.  250  pounds),  near  minimum 
Janka  ball  hardness  (765  vs.  500  pounds), 
internal  bond  strength  dry  (111  vs.  70  psi), 
edgewise  shear  strength  (1,630  vs.  1,000  psi), 
interlaminar  shear  strength  (395  vs.  250  psi), 
direct  nail  withdrawal  resistance  dry  (73  vs. 

40  pounds)  and  wet  (58  vs.  25  pounds). 

However,  the  target  values  were  not  met  for 
the  density  range,  from  near  minimum  to  near 
maximum‘s  (36.9  to  46.2  pcf  actual  vs.  37.0  to 

43.0  target),  near  minimum  modulus  of  rupture  in 
static  bending  (3,030  vs.  4,500  psi),  modulus 

of  elasticity  in  static  bending  (693,000  vs. 

800.000  psi),  near  maximum  Janka  ball  hardness 
(1,481  vs.  1,200  pounds),  and  internal  bond 
strength  after  aging  (43  vs.  50  percent). 

Cyclic  Humidity  Exposure 
Specimen  Preparation 

Randomly-selected  2-  by  4-foot  sections  of 
65  full-size  panels  were  each  cut  into  twelve 


5 percent  lower  exclusion  limit. 
*5  percent  upper  exclusion  limit. 
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3-  by  12-inch  specimens  for  determination  of 
dimensional  stability  and  strength  retention  after 
cyclic  moisture  exposure'. 

The  780  - 3 by  12  inch  specimens  were  random- 
ly assigned  to  three  groups  of  260  specimens  with 
the  restriction  that  each  group  received  an  equal 
number  of  specimens  from  each  panel  and  each  major 
panel  dimension. 

The  three  groups  of  260  specimens  then  were 
subjected  to  the  following  exposures  and  deter- 
minations of  dimensional  stability  (water  ab- 
sorption (WA) , thickness  swelling  (TS) , and 
linear  expansion  (LE))  and  related  properties: 

1.  Ovendry  exposure.  260  specimens  were  oven- 
dried  at  216  ± 4°F  and  weighed  and  measured. 

2.  Relative  humidity  (RH)  exposure.  30  to  50 
to  90  percent  RH  followed  by  12  cycles  of  30 
to  90  percent  RH.  Specimens  were  placed  in 
conditioning  rooms  at  80°F  and  appropriate 
humidity  and  maintained  for  30  days  during 
each  step  of  the  initial  30  to  50  to  90  per- 
cent RH  exposure.  Succeeding  cycles  of  90  to 
30  to  90  percent  RH  were  in  21 -day  increments 
at  each  step  of  the  cycle.  Specimens  were 
weighed  and  measured  at  cycles  1,  3,  6,  and 
12;  then  65  specimens  representing  both  major 
panel  dimensions  were  removed,  dried  at  120°F 
for  3 days  and  tested  without  further  condi- 
tioning for  retention  of  bending  stiffness, 
strength  and  internal  bond  strength.  Testing 
procedures  conformed  to  ASTM  D1037-72a^  and 
bending  property  calculations  were  based  on 
initial  specimen  thickness. 

3a.  Watersoak  exposures.  24-hour  watersoak  (WS) 
in  70°F  water  followed  by  24  cycles  of  1- 
hour  soaking  in  150°F  water  and  22  hours  of 
drying  at  160°F.  Specimens  were  weighed  and 
measured  at  cycles  1,  3,  6,  12,  and  24;  after 
each  cyclic  series  26  specimens  were  removed, 
dried  for  3 days  at  120°F  and  tested  without 
further  conditioning  for  retention  of  strength. 
All  watersoak  tests  were  performed  with 
specimens  in  a horizontal  position  under  1 
inch  of  water. 

3b.  Ovendry-vacuum-pressure-soak  exposures.  24 
hour  WS  in  70°F  water  followed  by  24  cycles 
consisting  of  30  minutes  submerged  in  70°F 
water  under  a vacuum  of  26  inches  of  Hg,  60 
minutes  at  50  psi  pressure  and  22  hours 
drying  at  160°F.  Specimens  were  weighed  and 
measured  at  cycles  1,  3,  6,  12,  and  24;  after 
each  cyclic  series  26  specimens  were  removed, 
dried  for  3 days  at  120°F  and  tested  without 
further  conditioning  for  retention  of 
strength. 

Results 

Results  of  these  evaluations  are  illustrated 
graphically  in  Figures  4 to  9 and  indicate  that 
structural  flakeboards  as  prepared  in  this  study 
can  undergo  prolonged  and  reasonable  exposures  to 
cyclic  wet  and  dry  conditions  with  minimal  loss 
of  strength  and  bond  integrity  and  with  reason- 
able changes  in  dimensions.  If  exposures  are 
limited  to  cyclic  humidity  conditions,  there 
appears  to  be  little,  if  any,  loss  in  up  to  12 
cycles  of  exposure,  indicating  good  product  dura- 
bility in  long-term  exposures  to  either  liquid 
or  water  vapor. 


Concentrated  and  Impact  Load  Testing 
Specimen  Preparation 

Concentrated  load  tests  were  conducted  on 
65  randomly-selected  2 by  4 foot  panels;  55  were 
tested  "dry"  after  conditioning  at  65  percent 
relative  humidity,  and  10  were  tested  "wet" 
after  soaking  in  water  for  24  hours.  Tests  were 
also  conducted  on  20  randomly-selected  4 by  4 
foot  panels  nailed  to  joists  after  conditioning 
at  65  percent  relative  humidity.  The  2 by  4 
foot  panels  were  simply  supported  along  the  4- 
foot-long  sides  by  4-inch-diameter  steel  pipes 
spaced  16  inches  on  center  and  resting  on 
glued-laminated  beams.  A concentrated  load  was 
applied  at  the  center  of  each  panel,  first  by  a 
4-inch-diameter  disk  up  to  a maximum  of  300 
pounds;  and  then  by  a 1-inch-diameter  rod  up  to 
failure.  Deflection  was  measured  relative  to 
the  supports,  under  the  load  point  by  a LVDT. 

The  4 by  4 foot  flakeboard  panels  were  nailed  to 
2 by  4 inch  joists  spaced  16  inches  on  center 
using  8-penny  common  nails  spaced  6 inches  apart. 
The  2 by  4 joists  rested  on  glued-laminated 
beams.  The  concentrated  load  was  applied  to  the 
center  of  one  of  the  end  spans,  first  by  a 3- 
inch-diameter  disk  up  to  a maximum  of  300  pounds; 
and  then  by  a 1-inch-diameter  rod  up  to  failure. 

For  all  concentrated  load  tests,  load  de- 
flection ratios  were  calculated  from  the  slope 
of  the  initial  portion  of  the  load  deflection 
curves.  Also  recorded  was  the  load  at  failure 
when  loading  with  the  1-inch-diameter  rod. 

Impact  load  tests  were  conducted  on  20 
randomly  selected  2 by  4 foot  panels,  10  each 
"wet"  and  "dry"  as  defined  above.  Impact  tests 
were  also  conducted  on  the  other  end  span  of  the 
20  "dry"  4 by  4 foot  panels  subjected  to  con- 
centrated loads.  An  additional  5 "wet"  4 by  4 
foot  panels  were  tested.  The  60-pound  leather 
sandbag  described  in  ASTM  E72  (^)  was  used  in 
all  impact  tests.  The  2 by  4 foot  panels  were 
simply  supported  along  the  4-foot-long  edges  on 
the  rounded  tip  edge  of  2 by  8 inch  members 
spaced  16  inches  on  center.  The  supports  were 
bolted  to  glued-laminated  girders  to  hold  them 
in  position  during  impact.  The  sandbag  was 
dropped  on  the  center  of  the  panel. 

The  4 by  4 foot  panels  nailed  to  2 by  4 inch 
joists  also  were  bolted  to  the  glued-laminated 
beams  to  hold  the  panel  in  position  during  im- 
pact. The  sandbag  was  dropped  on  the  center  of 
the  end  span  of  the  "dry"  panels  not  subjected 
to  concentrated  load  testing  and  on  the  center 
of  each  of  the  two  end  spans  of  the  "wet"  panels. 

The  procedure  for  dropping  the  sandbag  and 
measuring  deflection  was  the  same  for  both  size 
panels.  The  bag  was  initially  dropped  from  a 
height  of  6 inches,  and  the  height  was  suc- 
cessively increased  in  increments  of  6 inches 
until  failure  occurred.  Failure  was  considered 
to  have  occurred  when  the  residual  deflection 
exceeded  1/8  inch.  After  initial  impact  on 
each  drop  the  sandbag  was  restrained  with  a rope 
and  pulley  to  prevent  additional  impacts  from 
the  same  drop.  Prior  to  each  test  the  sandbag 
was  rolled  on  the  floor  to  loosen  the  sand  since 
packing  of  the  sand  would  change  the  energy 
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absorption  behavior  of  the  bag. 


Fire  Performance 


Deflection  of  the  panel  during  impact  and 
residual  deflection  after  each  impact  was  measured 
by  an  LVDT  attached  to  the  underside  of  the  panel 
directly  under  the  load  point  by  means  of  a ball 
and  socket  arrangement.  Time-deflection  data 
were  recorded  and  stored  in  a digital  storage 
oscilloscope.  Time  deflection  curves  for  each 
drop  were  drawn  by  means  of  a digital-to-analog 
converter  whereby  the  oscilloscope  memory  was 
played  back  to  an  X-Y  recorder  at  a slower  sweep 
rate.  Peak  dynamic  deflection,  time  to  peak 
deflection,  and  residual  deflection  were  read 
off  the  oscilloscope. 

Results 

Results  of  concentrated  and  impact  load  tests 
are  given  in  Tables  5 and  6 and  can  be  summarized 
as  follows: 

Concentrated  Lo a d 

1.  Load-deflection  ratios  were  increased  by 
increasing  the  area  under  load  from  1 inch  in 
diameter  to  A inches  in  diameter. 

2.  Load-deflection  ratios  decreased  when 
the  flakd)oard  panels  were  soaked  in  water  for 
24  hours.  However,  load  at  failure  changed  little. 

3.  Load-deflection  ratios  were  about  the 
same  for  the  2 by  4 foot  simply-supported  panels 
and  the  4 by  4 foot  panels  nailed  to  joists  when 
the  4-inch-diameter  loading  disk  was  used.  How- 
ever, the  ratios  were  somewhat  larger  for  the 
4-foot-square  panels  than  for  the  smaller  panels 
when  the  1-inch-diameter  rod  was  used. 

4.  Performance  of  the  panels  exceeded  the 
maximum  load  and  allowable  deflection  values 
recommended  by  the  Uniform  Building  Code  for 
floor  and  roof  sheathing  (.9)  . 

Impact  Load 

1.  Neither  height  of  drop  at  failure  or 
time  to  maximum  deflection  were  affected  by 
soaking  the  panels  in  water  for  24  hours. 

2.  Height  of  drop  at  failure  was  greater 
and  time  to  maximum  deflection  was  less  for  the 

4 by  4 foot  panels  nailed  to  joists  16  inches  on 
center  than  for  the  2 by  4 foot  panels  simply- 
supported  over  a 16-inch  span. 

3.  The  sand  bag  produced  a flexure  failure 
along  the  length  of  the  2 by  4 foot  panels,  but 
produced  a puncture  failure  in  the  4 by  4 foot 
panels . 

Racking  Strength  of  Walls  and  Floors 

Seven  full-size  8 by  8 foot  walls  were 
sheathed  with  FPL  structural  flakeboard  and 
tested  in  racking  according  to  ASTM  E72  (^) . 

Four  were  tested  dry  and  three  were  tested  after 
being  subjected  to  wetting  cycles  specified  in 
ASTM  E72.  Dry  racking  strength  averaged  just 
over  6,200  pounds  and  wet  strength  averaged  just 
under  5,900  pounds.  Both  these  values  are  well 
above  the  generally  accepted  standards  of  5,200 
pounds  dry  and  4,000  pounds  wet  (^)  . 


Flame  spread  properties  of  the  FPL  struc- 
tural flakeboard  were  determined  by  the  25-foot 
tunnel  furnace  test  of  ASTM  E84-70  O) . 

The  flame  spread  clsssif ication  (FSC) 
values  obtained  in  the  two  tests  with  the  FPL 
structural  flakeboard  in  the  25-foot  rating 
furnace  were  70  and  72  with  an  average  of  71. 

This  meets  the  acceptance  flame  spread  criteria 
under  building  codes  for  class  B material — 75  or 
under  flame  spread.  This  classification  will 
permit  its  use  in  many  building  occupancies,  and 
applications  where  flame  spread  of  building 
materials  is  limited;  for  example,  in  exitways 
and  corridors. 

The  FPL  flakeboard  was  also  tested  in  load- 
bearing  wood-frame  walls  for  fire  endurance  in 
the  Forest  Products  Laboratory  large  vertical 
furnace.  Two  tests  were  conducted  according  to 
ASTM  Standard  E119-73  Q)  except  the  panel 
height  was  limited  to  8 feet  and  the  applied 
load  was  1,250  pounds  per  linear  foot  (the  com- 
puted maximum  loading  for  the  first  floor  wall 
of  a two-story  house  of  average  size) . This  was 
27  percent  higher  than  design  load  based  on 
allowable  compression  perpendicular  to  grain 
stress  at  the  plate  and  only  2 percent  less  than 
design  load  based  on  allowable  compression 
parallel-to-grain  stress  in  the  studs.  For  one 
wall  the  interior  facing  was  3/8_inch  gypsum 
wallboard  panels  which  were  vertically  applied 
to  the  frame  with  1-inch-long,  fourpenny  gypsum 
wallboard  nails,  spaced  8 inches  on  center.  All 
joints  were  taped  and  covered  with  joint  com- 
pound and  nailheads  were  indented  and  covered 
with  joint  compound.  One  coat  of  latex  paint 
was  applied.  For  the  second  wall,  the  interior 
facing  was  the  1/2-inch-thick  flakeboard  panels 
vertically  attached  to  the  framing  with  sixpenny 
nails  spaced  8 inches  on  center  at  edges  and 
12  inches  at  intermediate  locations. 

For  the  wall  with  gypsum  wallboard  interior 
facing,  burnthrough  occurred  after  33  minutes, 

20  seconds.  The  wall  with  flakeboard  interior 
facing  burned  through  after  31  minutes,  35 
seconds.  Both  are  in  excess  of  the  20  minutes 
required  for  exterior  walls  in  the  Minimum 
Property  Standards  for  Single-  and  Double- 
Family  Dwellings  of  the  Department  of  Housing 
and  Urban  Development  (10) . Details  on  these 
and  other  fire  performance  tests  conducted  on 
the  FPL  flakeboard  are  given  in  paper  No.  6 
listed  in  the  introduction. 

Summary 

The  Forest  Products  Laboratory  produced  more 
than  200  full-size  (4-  by  8-foot)  three-layer 
structural  flakeboards  from  Douglas-fir  forest 
residues  and  evaluated  their  potential  as  an 
exterior-grade  construction  material.  Results 
of  tests  were  compared  with  target  goals  for 
certain  basic  properties  which  had  been  developed 
earlier.  Target  goals  were  not  met  for  some 
basic  properties  (bending  strength  and  stiff- 
ness and  retention  of  internal  bond  strength 
after  accelerated  aging,  for  instance),  but  were 
surpassed  for  other  properties  (nailholding, 
shear,  hardness). 
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The  following  results  from  perf ormance-type 
testing  help  indicate  that  the  panels  would  be 
acceptable  as  an  exterior  sheathing  product: 

1.  Under  concentrated  load,  the  panels  sur- 
passed the  maximum  load  and  allowable  deflection 
values  recommended  by  the  Uniform  Building  Code 
for  floor  and  roof  sheathing. 

2.  Racking  strength  of  full-size  wall 
sheathed  with  the  panels  exceeded  the  accepted 
FHA  standard. 

3.  Under  fire  exposure,  panels  met  the  ac- 
c stance  flame  spread  criteria  under  building 
codes  for  class  B material.  Fire  endurance  for 
load-bearing  walls  sheathed  with  the  panels  ex- 
ceeded the  20  minutes  required  for  exterior  walls 
in  the  HUD  minimum  Property  Standards  for  Single- 
and  Double-Family  Dwellings. 
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Table  1. — Static  bending  properties  Forest  Service  structural  flakeboard 


Property 

Mean 

Standard 

deviation 

Minimum 

Maximum 

Coeff icient 
of  variation 

Sample 

size 

Original  thickness, 
Specimens  for  dry 

in. 

senes— 

0.514 

0.016 

0.469 

0.563 

Pet 

3 

390 

3 

Original  density,  Ib/ft 
Specimens  for  dry  series 

41.6 

2.81 

33.8 

51.2 

7 

390 

Moisture  content,  pet 
Dry  (65  pet  RH) 

8.0 

.7 

6.0 

9.6 

9 

390 

Wet  (24  h soak) 

25.5 

4.0 

16.1 

42.5 

16 

130 

Aged  (65  pet  RH) 

9.6 

.3 

8.9 

11.1 

3 

130 

Modulus  of  rupture. 
Dry 

lb/ in. ^ 

4,700 

942 

2,360 

7,180 

20 

195 

4,260 

759 

2,650 

6,310 

18 

195 

All 

4 ,480 

881 

2,360 

7,180 

20 

390 

Wet  II 

3,620 

785 

2,060 

6,490 

22 

65 

1 

3,300 

637 

1,930 

5,100 

19 

65 

All 

3,460 

730 

1,930 

6,490 

21 

130 

Aged  1 1 

3,860 

686 

1,670 

5,070 

18 

65 

1 

3,540 

691 

2,250 

5,460 

20 

65 

All 

3,700 

705 

1,670 

5,460 

19 

130 

Modulus  of  elasticity, 
1,000  Ib/in.^ 

Dry  1 1 

714 

117 

404 

1,057 

16 

195 

1 

673 

96 

445 

972 

14 

195 

All 

693 

109 

404 

1,057 

16 

390 

Wet  1 1 

548 

105 

378 

976 

19 

65 

1 

493 

93 

326 

788 

19 

65 

All 

521 

102 

326 

976 

20 

130 

Aged  1 1 

676 

87 

386 

827 

13 

65 

1 

614 

91 

440 

858 

15 

65 

All 

645 

94 

386 

858 

15 

130 

1^/  Dry  specimens:  Conditioned  to  EMC  at  73°  F,  65  pet  RH. 

2/  ||:  Specimen  length  parallel  to  8-foot  dimension  of  panel. 

V J : Specimen  length  parallel  to  4-foot  dimension  of  panel. 
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Table 


2. — Nail-holding  propertie 


1/ 


Property  and 
condition 

Mean 

Standard 

deviation 

Coefficient 
of  variation 

Minimum 

value 

'■taximum 

value 

Lb 

Lb 

Pet 

Lb 

Lb 

Lateral  nail 
resistance :— 

503 

82 

16 

209 

710 

332 

77 

23 

190 

615 

381 

88 

23 

195 

650 

Nail-head 

pull-through 

Dry 

460 

88 

19 

280 

790 

Wet 

410 

88 

21 

225 

640 

Aged 

374 

94 

25 

188 

688 

Direct  nail 
withdrawal 

Dry 

73 

19 

26 

35 

124 

Wet 

58 

19 

33 

12 

128 

Sixpenny  common  wire  nail  used.  All  values  are  averages 
of  130  specimens. 

2J  1/2-inch  edge  distance  used. 

V Dry:  Conditioned  to  EMC  at  73°  F and  65  pet  RH. 

Wet:  Soaked  in  water  24  hours  and  tested  wet. 

Aged:  Subjected  to  6 cycles  of  accelerated  aging. 
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Table  3. — Hardness,  Impact  resistance,  internal  bond  strength,  strength  in 

tension  and  compression  parallel  to  surface,  shear  properties  and 
sag  modulus  of  elasticity  of  Forest  Service  structural  flakeboard 


Property  Mean 

Standard 

Minimum 

Maximum 

Coef  f Ic  lent 

Sample 

deviation 

of  variation 

size 

Pet 

Janka  ball  hardness,  lb.  1,122 

Falling  ball  impact. 

215 

680 

1,640 

19 

65 

failure  height,  in.  65 

6.5 

48 

74+ 

10 

65 

2 

Internal  bond  strength,  Ib/in. 

Dry  111 

28 

59 

176 

25 

130 

Aged  49 

Tension  parallel  to  surface,  91/ 

Modulus  of  elasticity,  1,000  Ib/in.  — 

20 

10 

106 

41 

130 

11  615 

178 

126 

999 

29 

111 

1 539 

175 

70 

980 

32 

115 

All  577 

180 

70 

999 

31 

226 

2 1/ 

Tension  strength,  Ib/in.  — 

II  2,024 

396 

1,260 

3,290 

20 

129 

1 1.723 

309 

1,090 

2,630 

18 

130 

All  1,873 

385 

1,090 

3,290 

21 

259 

Compression  parallel  to  surface  ^ 

Modulus  of  elasticity,  1,000  Ib/in. 

1 1 603 

114 

333 

885 

19 

130 

1 455 

89 

290 

702 

20 

130 

All  529 

126 

290 

885 

24 

260 

Compressive  strength 

II  2,690 

459 

1,620 

4 ,040 

17 

130 

X 2,270 

377 

1,450 

3,340 

17 

130 

All  2,480 

469 

1,450 

4,040 

19 

260 

Shear  properties  2 

Edgewise  shear  strength,  Ib/ln.  ^ 1,630 

251 

1,210 

2,390 

15 

65 

Interlaminar  shear  strength,  Ib/in.  ^ 395 

73 

244 

641 

18 

65 

Interlaminar  shear  modulus,  1,000  lb/ in.  44 

7 

31 

68 

16 

65 

Plate  shear  modulus,  1,000  Ib/ln.^  287 

30 

226 

362 

10 

65 

U 19  II  and  15  _L  MOE  values  omitted  from  average  due  to  malfunction  of  deformation  gage.  One 
tensile  strength  value  omitted  because  specimen  failed  in  grips. 
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Table  4. — Actual  versus  target  goals  for  properties 
of  Douglas-fir  structural  flakeboard 


Property 

Target 

Units 

Ac  tual 

Density 

Near  minimuntj^ 
Near  maximum— 

37 

Ib/ft^ 

36.9 

43 

— 

46.2 

Modulus  of  rupture 

V . . 1/ 

Near  mxnimum— 

Dry  (65  pet  RH) 

After  accelerated  aging— 

4,500 

lb/ in. ^ 

3,030 

2,250 

2,530 

Modulus  of  elasticity 
Mean 

ft00,000 

lb/ in. ^ 

693,000 

„ , 4/ 

Hardness— 

Near  minimun>^^ 
Near  maximum—' 

500 

lb 

765 

1,200 

lb 

1,480 

Internal  bond 
Mean 

Dry  3/ 

After  accelerated  aging^ 

70 

lb/ in. ^ 

113 

50 

pet  of  dry 

43 

Edgewise  shear  strength 
Mean  (dry) 

1,000 

Ib/in. ^ 

1,630 

Interlaminar  shear  strength 
Mean  (dry) 

250 

Ib/in. ^ 

395 

T . 1 -1  • . 5/,  6/ 

Lateral  nail  resistance—  — 

Mean 

Dry  3/ 

After  accelerated  aging^ 

300 

lb 

503 

150 

lb 

332 

Nailhead  pullthrouglr^^ 
Mean 
Dry 

250 

460 

After  accelerated  aging 

125 

— 

374 

Direct  nail  withdrawal—^ 
Mean 
Dry 

40 

73 

After  24-h  soaking 

25 

— 

58 

After  accelerated  aging 

20 

— 

— 

1/  5 pet  lower  exclusion 
2/  5 pet  upper  exclusion 
3/  ASTM  D1037-72a,  Sec. 

limit. 

limit. 

118-122. 

Janka  Ball. 

6-penny  common  wire  nail. 
1/2-inch  edge  distance. 
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Table  5. — Concentrated  load  behavior  of  FPL  structural  flakeboard. 
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PRESS  PRESSURE  ON  FLAKEBOARD  MAT  (PSD 


FINGERLINGS  RING  FLAKES 


(SLIVERS) 

Figure  1.  The  forest  residues-to-structural  flakeboard  process. 


Figure  2. — Comparison  of  press  cycles  used  in  manufacture  of  laboratory 
and  full-size  structural  flakeboards. 
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Figure  3.  Density  gradients  through 
panel  thickness  in  F.S.  structural 
flakeboards.  Density  is  based  on 
weight  and  dimensions  at  73°F,  65 
percent  RH. 


Figure  4.  Relative  movement  in 
length  and  thickness  of  FPL 
structural  flakeboard  in  expos- 
ures ranging  from  ovendry 
through  water  saturation. 
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Figure  5. — Thickness  swelling  of  FPL  structural  'flakeboard  after  Figure  6. — Linear  expansion  of  FPL  structural  flakeboard  after 


5000 
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Figure  8. — Modulus  of  elasticity  of  FPL  structural  flakeboard  after 


I.B.(PSI)  I.B.  (PSD  LB.  (PSD 


150 


6 !2 

30-90%  RH  CYCLES 


24 


Figure  9. — Internal  bond  strength  of  FPL  structural,  flakeboard  after 
exposure  to  1-24  cycles  of  three  different  exposures. 
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OVERVIEW  OF  STRUCTURAL  FLAKEBOARD  PRODUCTION  COSTS 


George  B.  Harpole 
Economist 

USDA  Forest  Service 
Madison,  Wisconsin 


Abstract 


PARVCOST  Computer  Program  (2) 


On  the  basis  of  experimental  results 
with  three-layer  board  compositions  and 
estimates  of  investment  and  operating 
costs,  production  costs  were  computed 
using  discounted  cash  flow  techniques  for 
16  possible  structural  flakeboard  manu- 
facturing sites.  The  production  costs 
computed  include  taxes,  profits,  and 
other  selling  and  manufacturing  costs. 
After  computing  production  costs,  ex- 
cluding wood  costs,  then  computing  the 
coefficient  for  converting  wood  cost  per 
ovendry  ton  to  production  costs  including 
associated  increases  in  selling,  tax, 
and  profit  costs,  total  production  costs 
can  be  expressed  in  "a  = bX"  equation 
form.  Feasibility  can  then  be  assessed 
by  matching  expected  production  costs, 
including  independent  assumptions  about 
wood  costs,  with  likely  f.o.b.  mill 
market  values  for  product  output. 

Introduct ion 

Techniques  for  producing  structural 
flakeboard  products  from  hardwood  and 
softwood  forest  residues  have  been  deter- 
mined. Unsolved,  however,  is  the  ques- 
tion of  commercial  feasibility.  Pre- 
liminary analyses  may  be  used  solely  to 
explore  economic  possibilities  of  new 
processes  or  products.  Or,  preliminary 
analyses  may  be  used  to  help  establish 
target  investment  costs  for  architectural- 
engineering  purposes.  Even  after 
acceptable  cost  estimates  and  market 
forecasts  are  developed  a number  of 
manufacturing-marketing  strategy  combina- 
tions may  need  to  be  assessed  before  a 
final  combination  is  found.  For  these 
reasons,  the  purpose  of  this  paper  is 
two-fold:  (1)  To  describe  the  tech- 

niques used  and  the  results  of  analysis 
of  structural  flakeboard  manufacture,  and 
(2)  To  announce  the  availability  of  the 
computer  programs  used  for  the  economic 
analysis  of  structural  flakeboard  manu- 
f acture . 


The  two  computer  programs  used  to 
simulate  structural  flakeboard  manufacture 
are  named  PARVCOST  and  CFA.  Both  pro- 
grams, written  in  FORTRAN  for  use  on 
Univac  1108  and  1110  systems,  may  be 
readily  adapted  to  economic  assessments 
of  other  wood  products  manufacturing 
processes . 


PARVCOST  is  a mathematical  model  of 
wood,  chemical,  and  energy  flows  within 
an  operating  flakeboard  plant  (fig.  1). 
PARVCOST  computes  physical  requirements 
and  costs  of  wood,  chemicals,  and  energy 
per  unit  of  finished  panel  output  as  well 
as  finished  panel  weight  statistics  and 
profit  contribution  (unit  price  minus 
unit  variable  cost)  from  the  market  value 
of  product  output.  PARVCOST  also  com- 
putes the  sensitivity  of  finished  product 
costs  to  changes  in  unit  costs  of  energy 
and  raw  materials. 

PARVCOST  may  be  used  to  compute  the 
unit  variable  costs  for  discounted  cash 
flow  analyses,  or  may  be  used  directly  to 
gage  the  relative  feasibility  of  manu- 
facturing structural  flakeboard  between 
sites  where  raw  materials,  energy,  and 
product  outputs  have  different  values 
but  investment  and  operating  costs  are 
equal . 

CFA  Computer  Program  (1) 

The  CFS  program  is  designed  to 
simulate  and  analyze  investments,  costs, 
and  revenue  cash  flows  of  manufacturing 
ventures  for  their  useful  or  economic 
life  (to  20  yr) . Discounted  cash  flow 
analysis  represents  an  analytical  tech- 
nique commonly  used  to  generate  many 
types  of  time-valued  economic  criteria. 
Truly  comparable  investment  opportunities 
represent  identical  functional  feasi- 
bilities, economic  lives,  risks,  and 
financial  requirements.  When  these 
conditions  exist,  the  profit  contribution 
computed  by  PARVCOST  may  be  used  as  a 
valid  criterion  for  assessing  processing 
or  investment  alternatives.  Where  these 
conditions  do  not  exist,  the  appropriate 
use  of  discounted  cash  flow  methods  will 
yield  more  useful  criteria. 

The  CFA  program  is  designed  to  com- 
pute after-tax  time  values  of  investment 
and  operating  cash  flows  for  manufacturing 
ventures  in  terms  of  (1)  present  value 
of  the  investment,  (2)  internal  or  com- 
posite rate  of  return,  (3)  total  unit  cost 
of  production,  and  (4)  maximum  investment 
that  can  be  made  under  prescribed 
operating  costs,  revenues,  and  rate  of 
return.  Additionally,  the  CFA  program 
is  written  so  standardized  time,  invest- 
ment, and  rate-of-return  (ROR)  values  can 
be  used,  and  computations  of  the  least 
certain  elements  of  a manufacturing 
venture  can  be  computed  and  used  as 
economic  criteria,  such  as  the  total  cost 
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of  production  that  includes  tax  costs  and 
prescribed  after-tax  profit. 

The  CFA  program  computes  both  an 
internal  ROR  (IRR)  and  a composite  ROR. 
The  composite  ROR  is  the  rate  of  equity 
investment  earning  when  specifying  a 
borrowing  interest  rate,  and  short-term 
reinvestment  for  cash  surplus.  The  IRR 
used  for  the  following  analyses, 
represents  the  single  interest -rate 
situation  of  typical  interest  to  a 
corporation  capable  of  fully  financing 
a new  investment  venture  from  internal 
resources.  The  IRR  is  the  interest 
earnings  realized  as  an  after-tax  profit 
with  the  return  of  principle  for  the 
financing  requirements  of  a venture. 

The  IRR  can  also  be  defined  as  the  rate 
of  interest  required  to  discount  the 
stream  of  annual  net  cash  flows  to  a 
present  value  of  zero. 


headrig  to  produce  the  high-strength  faces 
required  for  structural  flakeboard. 
Facilities  sized  from  75.0  MMft^,  1/2  in. 
to  150.0  MMft^,  1/2  in.  are  evaluated  as- 
suming either  mixtures  of  flakes  and  chips 
or  of  logs  and  chips. 

Two  investment  requirements  are  con- 
sidered: (1)  investment  to  establish 

physical  facilities  for  structural  flake- 
board  manufacture,  and  (2)  working  capital 
to  cover  the  costs  of  operating  in- 
ventories of  raw  materials,  goods  in  pro- 
cess, and  accounts  receivable  (Table  1). 
Average  facilities  costs  ranged  from  a 
low  of  $8,384,000  to  a high  of  $27,292,000. 
Working  capital  requirements  were  com- 
puted to  accommodate  2 months  of  annual 
operating  costs,  less  selling  expense, 
for  facilities  supplied  with  chips  or 
flakes  or  both;  and,  for  3 months  for 
facilities  supplied  with  logs  and  chips. 


Economic  Analysis 


Production  Costs 


Costs  to  produce  flakeboard  products 
from  forest  residues  at  16  sites  in  the 
United  States  were  estimated  and  compared 
with  the  likely  market  value  of  product 
output.  For  this  study  a consultant 
(Columbia,  Eng.  Inti.  Inc.,  Eugene,  Ore.) 
determined  the  equipment  requirements 
and  costs  to  construct  operable  struc- 
tural flakeboard  facilities  and  to 
provide  estimates  of  operating  require- 
ments (Appendix  A) . From  this  informa- 
tion, operating  costs  were  estimated  and 
costs  of  panel  production  were  computed 
for  nine  northern  and  seven  southern 
sites  in  the  United  States  (Fig.  2, 

Tables  6 and  7) . 


Unit  costs  of  production  include 
taxes,  selling  costs,  and  profit , in 
addition  to  the  costs  of  manufacture. 
These  costs  are  also  the  product  selling 
prices,  f.o.b.  mill,  required  to  yield 
a 15-percent  internal  rate  of  return 
(IRR)  from  discounted  cash-flow  analysis. 
Production  costs  are  expressed  in  dollars 
per  1,000  square  feet  of  product  output 
on  a 1/2-inch  thickness  basis  (M  ft^, 

1/2  in . ) . 


Investment  Requirements 

The  costs  (1976  basis)  of  construct- 
ing operable  structural  flakeboard 
facilities  were  estimated  for  two 
climates:  temperate  (South)  and  cold 

(North) . Facilities  ranged  in  rated 
output  capacities  from  37.5  million 
square  feet,  1/2-inch  basis2 (MMft^ , 1/2 
in.)  per  year  to  150.0  MMft  in.  per  ^ 
year.  The  smallest  facility,  37.5  MMft 
per  year,  was  evaluated  for  three  types 
of  wood  supplies:  (1)  wood  flakes,  as 

from  a shaping  lathe  headrig,  (2)  mix- 
tures of  wood  flakes  and  chips,  and 
(3)  mixtures  of  logs  and  chips.  At 
least  30  percent  of  the  structural  flake- 
board furnish  must  be  of  high  quality 
flake,  such  as  produced  from  roundwood 
using  a disk  flaker,  or  shaping  lathe 


Discounted  cash-flow  analyses  were 
used  to  compute  production  costs.  Com-2 
puter  output  pertaining  to  a 112.5  MMft'^, 
1/2  in.  per  year  facility  utilizing 
flakes  and  chips  at  an  Areata,  Calif., 
site  is  used  as  an  example  (Table  2). 
Computations  were  made  to  determine  the 
unit  selling  price  required  to  cover  all 
costs  and  yield  an  after-tax  IRR  of  15 
percent.  The  computed  prices  which 
represent  full  production  costs  for 
structural  flakeboard  included  selling 
expense,  taxes,  and  profit.  Raw  material 
costs  were  computed  using  the  PARVCOST 
program,  which  considers  wood,  chemical 
and  energy  requirements  and  costs  (Tables 
3 and  4).  However,  because  of  the 
variability  and  uncertainty  of  wood  costs, 
production  costs  were  first  computed  that 
exclude  wood  costs.  Wood  costs  were  con- 
sidered in  a secondary  step  of  the  dis- 
counted cash  flow  analyses  and  will  be 
discussed . 

Labor  costs  for  skilled  and  unskilled 
labor  were  increased  by  30  percent  to 
account  for  costs  of  fringe  benefits. 

These  were  estimated  separately  for  each 
site  (Appendix  B) . As  for  other  costs 
and  revenues,  labor  costs  were  increased 
5 percent  per  year  to  establish  the  annual 
cash  flows  used  for  discounted  cash-flow 
analyses.  Manning  for  each  facility  was 
assumed  two-thirds  of  full  requirements 
during  the  first  year  of  operation  and  at 
full  manning  (3  shifts,  325  days  per 
year)  in  succeeding  years.  Production 
was  assumed  to  be  44.6  percent  of  capacity 
in  the  first  year;  84.2  percent,  in  the 
second  year,  and  full  capacity,  in  suc- 
ceeding years.  Selling  expense  was  com- 
puted as  10  percent  of  gross  sales. 

Administrative  overhead  costs  include 
building  heat,  water,  electricity,  ad- 
ministrative salaries,  and  miscellaneous 
supplies  and  services.  Factory  overhead 
costs  (computed  as  8.5  percent  of 
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facilities'  costs,  excluding  land  cost, 
for  the  first  year)  cover  costs  for  main- 
tenance labor  (6%),  process  supplies 
(0.51),  local  taxes  (1%),  and  insurance 
(1%).  Other  cost  factors  used  in  the 
analysis  include  an  investment  tax 
credit  (equal  to  10  percent  of  the  cost 
of  processing  equipment), depreciation 
(Federal  Internal  Revenue  Service  de- 
preciation guidelines),  and  state  and 
Federal  revenue  taxes. 

For  simplicity,  production  costs 
are  expressed  in  terms  of  1976  unit 
sales  prices  (Table  5) . The  components 
of  costs  represent  the  average  distribu- 
tion of  revenues  to  costs  over  the  10 
years  of  discounted  cash-flow  analysis. 

Depending  on  the  site  and  the  size 
of  a facility,  estimated  production  costs, 
excluding  wood  costs,  range  from 
$107/Mft",  1/2  in.  to  $191/Mft2,  1/2  in. 
for  northern  sites  (Fig. 3,  Tables  6 and 
7) . Economics  of  large  scale  operations 
represent  gains  primarily  in  processing 
labor  productivity  and  increased  effi- 
ciency of  administrative  and  maintenance 
requirements.  Efficiencies  gained  by 
using  large  press  sizes  in  the  large 
facilities  reduce  trim  losses,  and  glue, 
wax,  and  energy  requirements.  The  gain 
in  efficiency  of  the  largest  press  size 
considered  (8-  by  24-ft)  over  the 
smallest  (4-  by  8-ft)  is  estimated  to 
represent  cost  savings  from  $2  to 
$3/Mft2,  1/2  in.  Efficiency  of  resin 
and  wax  use  range  from  88.6  percent  for 
the  4-  by  8-foot  press  to  94.7  percent 
for  the  8-  by  24-foot  press.  Effi- 
ciency of  wood  use  for  both  softwoods 
and  hardwoods  ranges  from  about  80.0 
percent  for  the  4-  by  8-foot  press  to 
about  82.5  percent  for  the  8-  by  24- 
foot  press. 

2 

Estimated  costs  for  75.0  MMft  , 

1/2  in.*  facilities  are  about  40  percent 
greater  than  the  costs  for  37.5  MMft2, 

1/2  in.*  facilities,  and  yield  production 
costs  about  23  percent  less.  Costs  for 
112.5  MMft2,  1/2  in.*  facilities  are 
about  28  percent  greater  than  those  for 
75.0  MMft2,  1/2  in.*  facilities,  and 
production  costs  are  about  10  percent 
less.  A 150.0  MMft2,  1/2  in.  facility 
cost2about  33  percent  more  than  a 112.5 
MMft'^,  1/2  in.  facility  but  only  re- 
duces production  costs  about  2 percent. 


produce  1,000  square  feet  of  1/2- inch- 
thick  panel  (Mft2,  1/2  in.)  (gross  ship- 
ping weight  of  about  1,900  pounds/Mft2, 

1/2  in.  at  7 percent  moisture  content  (MC) ). 
For  hardwoods,  about  1.18  ODT  of  wood  are 
needed  to  produce  1,000  square  feet  of 
1/2- inch-thick  panel  (gross  shipping 
weight  of  about  2,200  pounds/Mft^,  1/2  in. 
at  7 percent  MC) . Wood  cost  for  1/2-inch 
panel,  per  thousand  square  feet,  is  then 
about  6 percent  more  than  the  cost  of  wood 
raw  materials  per  ODT  for  softwoods,  and 
about  18  percent  more  for  hardwoods.  To 
translate  wood  cost  into  production  costs, 
selling  expense  (10  pet.)  and  increases  in 
profits  and  taxes  to  cover  financing  costs 
(15  pet.)  for  increases  in  working  capital 
requirements  were  added  to  the  cost  of 
the  wood  (Table  5) . The  production  cost 
for  wood  per  Mft2,  1/2  in.  therefore 
ranges  from  1.17  to  1.43  times  that  of 
wood  raw  materials  per  ODT.  (The  costs 
depend  on  efficiency  of  facility  and 
average  density  of  wood  raw  materials). 

Because  concentrations  of  forest 
residue-type  materials  and  their  size 
and  shape,  and  distance  from  their  point 
of  use  are  highly  variable,  costs  of 
harvesting  and  transporting  these 
materials  are  also  highly  variable.  Es- 
timates of  wood  costs  prepared  for  the 
16  sites  indicate  wood  costs  may  range 
from  $13  to  $41/0DT. 

Production  Costs -- Inclusive  of  Wood  Cost 

After  computing  costs  of  structural 
flakeboard  production,  excluding  wood 
costs,  and  after  computing  the  coefficient 
for  converting  wood  cost  per  ODT  to 
production  costs  that  include  additional 
selling  expense,  taxes,  profit  and  costs, 
total  production  costs  can  be  expressed 
in  equation  form: 

PC  = a + bX 

where,  j 

PC  is  production  cost  ($/Mft  , 1/2 
in.);  a,  production  cost  excluding  wood 
cost  (fMft2,  1/2  in.);  and  b coefficient 
of  wood  cost  per  ODT,  X for  calculating 
wood  cost  per  Mft2,  1/2  in. 

Production  costs,  including  wood 
cost,  can  then  be  readily  calculated  as 
a function  of  highly  variable  wood  costs 
necessarily  considered  for  computing 
total  production  costs-  for  structural 
flakeboard  (Tables  6 and  7). 


Wood  Costs 


Assessment  of  Feasibility 


Wood  costs  were  analyzed  separately 
from  other  production  costs.  An  average 
of  about  1.06  ovendry  tons  (ODT)  of 
softwood  raw  material  is  needed  to 


*Annual  rated  capacity,  3 shifts, 
325  days  per  year. 


Preliminary  assessments  of  commercial 
feasibility  can  be  made  by  matching  ex- 
pected production  costs  of  structural 
flakeboard  against  likely  f.o.b.  mill 
value  of  product  output2(Fig.  4).  For 
example,  the  112.5  MMft*^,  1/2  in.  per 
year  facility  utilizing  flakes  and  chips 
at  an  Areata,  Calif,  site  had  estimates 
of  total  production  costs,  including  wood 
costs,  ranging  from  about  $151/Mft2,  1/2 
in.  to  $154/Mft2,  1/2  in.  for  wood  costs 
from  $30/ODT  to  $33/ODT.  The  market 
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value,  f.o.b.  mill,  for  panel  output  was 
estimated  (1976)  to  be  about  (167/Mft2, 

1/2  in. 

Although  some  structural  flakeboard 
might  be  sold  for  specialty  use  as  siding 
and  decorative  panel  use,  the  primary 
opportunity  is  probably  for  marketing 
commodity  grades  of  structural  sheathing. 
Of  these  products,  CD  exterior  grade, 
1/2-inch-thick  plywood  is  the  most 
predominant  product  in  use.  For  structur- 
al flakeboard  products  to  compete  in  the 
commodity  sheathing  markets,  they  will 
probably  have  to  be  sold  at  or  below 
prevailing  market  costs  for  comparable 
plywood  sheathing  materials.  The  market 
value,  f.o.b.  Areata,  Calif., is  based  on 
the  average  market  price  of  CD  exterior 
grade  1/2 - inch- thick  plywood  sheathing 
f.o.b.  Los  Angeles,  less  the  higher  cost 
of  structural  flakeboard.  At  most,  the 
market  value  of  structural  flakeboard 
might  cover  a maximum  wood  cost  of  about 
$44/ODT. 

Commercial  feasibility  can  also  be 
assessed  by  matching  likely  wood  supply 
costs  to  the  maximum  wood  costs  that 
could  be  covered  by  estimated  mill  market 
price  for  panel  output.  These  values 
can  be  calculated  by  subtracting  the 
production  costs,  excluding  wood  cost, 
from  the  f.o.b.  mill  market  value  for 
panel  output  and  dividing  the  remainder 
by  the  coefficient  of  wood  cost  per  ODT 
to  yield  a maximum  supportable  wood  cost 
per  ODT. 

Other  aspects  of  commercial 
feasibility  exist  in  addition  to  the 
analyses  presented  in  this  paper. 
Additional  analyses  might  consider 
proprietary  and  intangible  aspects  that 
may  influence  feasibility.  It  is  also 
possible  that  by  modifying  a largely 
depreciated  particleboard  facility  to 
produce  structural  flakeboard,  investment 
and  production  costs  may  be  greatly 
reduced. 

Summary  and  Conclusions 


taxes  and  profits,  as  well  as  other  manu- 
facturing costs.  By  computing  structural 
flakeboard  production  costs,  excluding 
wood  costs;  then  computing  the  coefficient 
for  converting  wood  cost  per  ovendry  ton 
to  production  costs  that  include  addi- 
tional selling  expense  and  tax  and  profit 
costs,  total  production  costs  were  ex- 
pressed in  equation  form.  A method  was 
presented  to  calculate  production  costs, 
including  wood  cost,  as  a function  of 
wood  costs--the  most  variable  element 
considered . 

Assessments  of  feasibility  was  made 
by  matching  expected  production  costs 
against  likely  f.o.b.  mill  value  of 
product  output.  Also,  it  was  shown  how 
commercial  feasibility  may  be  more 
directly  assessed  by  matching  likely  wood 
supply  costs  to  the  maximum  wood  costs 
supportable  by  estimated  f.o.b.  mill 
market  value  for  panel  output. 

In  the  analyses  presented  here  the 
stature  of  preliminary  assessments  is 
assumed  in  which  actual  pre- investment 
analyses  must  consider  proprietary  and 
intangible  aspects  not  considered.  Addi- 
tionally, it  is  suggested  that,  when 
possible,  by  remodeling  a largely  de- 
preciated particleboard  facility  for 
production  of  structural  flakeboard, 
investment  and  production  costs  may  be 
greatly  reduced. 
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Appendix  A 

Estimates  of  capital  investment  costs 
for  four  sizes  of  structuraT 
flakeboard  facilities 


Forest  Service  research  has  shown 
structural  flakeboard  products  can  be 
produced  from  hardwood  and  softwood 
forest  residue-type  materials.  Panel 
test  results  indicate  strength  properties 
of  experimental  boards  produced  from 
forest  residue-type  materials  are 
suitable  for  use  in  engineered  applica- 
tions. In  this  analysis  of  the  manufac- 
turing costs  of  experimental  three-layer 
flakeboard  compositions  and  estimates  of 
investment  and  operating  costs,  produc- 
tion costs  were  computed  for  16  possible 
structural  flakeboard  sites  in  north  and 
south  regions  of  the  United  States. 

Large  economics  of  scale  were  indicated 
by  evaluating  four  sizes  of  facilities. 


Production  costs  computed  for  manu- 
facturing structural  flakeboard  include 


In  April  1976,  the  Forest  Products 
Laboratory  (U.S.  Department  of  Agricul- 
ture) at  Madison,  Wisconsin  retained 
Columbia  Engineering  International,  Inc. 
of  Eugene,  Oregon  to  investigate  the 
capital  costs  of  plants  designed  to 
produce  structural  grade  flakeboards. 
Preceeding  this  study,  an  extensive 
research  program  had  been  initiated  within 
the  U.S.  Forest  Service  research  organiza- 
tion to  determine  the  raw  material,  pro- 
cessing and  equipment  requirements  of 
plants  suitable  for  manufacture  of 
structural  grade  panel  products  from 
forest  residue-type  materials.  The  plant 
designs  and  capital  costs  developed  by 
Columbia's  study  were  based  partly  on  the 
data  supplied  from  Forest  Service  research 
and  partly  from  Columbia's  past  experience 
in  the  design,  construction  and  operation 
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4 


of  structural  grade  as  well  as  industrial 
grade  particleboard  plants. 

The  engineering  study  Columbia  En- 
gineering International,  Inc.  completed 
resulted  in  the  definition  of  basic  or 
standard  plant-components  which  may  be 
utilized  in  the  design  of  a wide  range 
of  plant  design  parameters.  In  the 
pages  that  follow,  the  selection  of 
plant  configurations  used  for  economic 
analysis  are  summarized  in  terms  of  their 
construction  costs  (1976  basis)  and 
depreciation  schedules.  This  selection 
of  plant  designs  represent  facilities 
with  annual  output  capacities  ranging 
from  37.5  million  square  feet,  1/2-inch 
basis,  to  150.0  million  square  feet, 
1/2-inch  basis.  Additionally,  each 


facility  size  is  represented  by  a design 
suitable  for  siting  in  intemperate 
climatic  conditions  typical  of  northern 
latitudes  of  the  United  States  (ex- 
cluding Alaska)  , designated  North , and 
for  siting  in  temperate  climates  typical 
of  the  southern  latitudes  of  the  United 
States,  designated  South . The  difference 
in  facilities  designed  for  North  and 
South  sites  is  found  in  the  amount  of 
shelter  and  thermal  protection  provided 
for  raw  materials  in  storage  and  pro- 
cessing operations.  Each  facility  is 
also  designed  for  the  utilization  of 
roundwood,  chips  and/or  flakes. 

Operating  requirements,  and  cost  esti- 
mates used  for  the  economic  analysis  of 
each  facility  are  given  in  Appendix  B. 


PERSONNEL  REQUIREJVIENTS 


Press  Size 

4'  X 8’ 

4'  X 16' 

4'  X 24' 

8'  X 24' 

Annual  output 

37.5 

75.0 

112.5 

150.0 

(million  ft^,  ^2") 

- - - - Number  of 

persons  - - 

Administrative  personnel 

Manager 

1 

1 

1 

1 

Supervisor 

1 

1 

1 

1 

Engineer 

- 

1 

1 

1 

Office  manager 

1 

1 

1 

1 

Technical  director 

1 

1 

1 

1 

Shipper 

1 

1 

1 

1 

Purchasing  agent 

1 

1 

1 

1 

Clerical 

4 

4 

4 

4 

Foremen 

3 

3 

5 

6 

Total 

13 

14 

16 

17 

„ • 1I/ 

Processing  personnel— 

- 100%  flakes 

Skilled  labor 

29 

Unskilled  labor 

4 

Total 

33 

- 40%  flakes,  60%  chips 

Skilled  labor 

31 

34 

43 

49 

Unskilled  labor 

4 

6 

6 

8 

Total 

35 

40 

49 

57 

- 40%  logs,  60%  chips 

Skilled  labor 

39 

43 

53 

63 

Unskilled  labor 

5 

8 

11 

12 

Total 

44 

51 

64 

75 

—^Maintenance  personnel  requirements  are  not  included.  All  maintenance  and  repair  costs  are 

included  in  factory  overhead  costs  at  6.5%  of  facilities  capital  cost,  excluding  land  cost. 
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FACILITY  (CAPITAL  COSTS)  AND  DEPRECIATION  ALLOWANCES  ($1,000) 


Press  size:^-  by  8-foot,  2A  openings 


Annual  output  (4-lnch  basis) : 37.5  ^^MSF 


Annual  wood  requirement 

(cubic  feet):  2 

.6-3.3  ^Clf 

t^/100%  flakes 

Northern  Sites 

(Capital  Costs) 

Depreciation  . . . . 

1/ 

1976 

1976 

1977 

1978 

■ 1979 

1980 

Land  (30  acres)— 

— 

— 

— 

— 

— 

— 

Land  improvements 

(288) 

14.4 

14.4 

14.4 

14.4 

14.4 

Buildings 

(840) 

18.7 

13.7 

18.7 

18.7 

18.7 

Processing  equipment 

(6,988) 

1,257.8 

1,006.3 

805.0 

644.0 

515.2 

Mobile  equipment: 

1st  5 years 

(140) 

25.2 

25.2 

25.2 

25.2 

25.2 

2nd  5 years 

(178.7) 

^ n 

Totals— 

(8,316) 

1,316.] 

1,122.9 

863.3 

702.3 

573.5 

Southern  Sites 

(Capital  Costs) 

Depreciation  .... 

1/ 

1976 

1976 

1977 

1978 

1979 

1980 

Land  (30  acres)— 

— 

— 

— 

— 

— 

— 

Land  improvements 

(258) 

12.9 

12.9 

12.9 

12.9 

12.9 

Buildings 

(582) 

12.9 

12.9 

12.9 

12.9 

12.9 

Processing  equipment 

(6,791) 

1,222.4 

977.9 

782.3 

625.9 

500.7 

Mobile  equipment: 

1st  5 years 

(140) 

25.2 

25.2 

25.2 

25.2 

25.2 

7ft 

2nd  5 years 

Vi/O  . / J 

Totals-'^ 

(7,831) 

1,273.4 

1,028.9 

833.3 

676.9 

551.7 

^ee  appendix  ^ for  land  cost  estimates  for  each  site. 


1981-1985 

14 . 4 
18.7 
412.2 


34.7 

430.0 


1981-1985 

12.9 

12.9 

400.5 


34.7 

461.0 
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FACILITY  (CAPITAL  COSTS)  AND  DEPRECIATION  ALLOWAiNCES  ($1,000) 


Press  size:  4-  by  8-foot,  24  openings 

Annual  output  (^-Inch  basis):  37.5  MMSF 

Annual  wood  requirement  (cubic  feet):  2. 6-3. 3 MMft  /40/(  flakes,  60A  chips 


Northern  Sites 


(Capital  Costs) 

Depreciation  . 

1/ 

Land  (30  acres)— 

1976 

1576 

1977 

1978 

. 1979 

1980 

1981-1985 



— 

— 

— 

— 

— 

— 

Land  im.proveraents 

(292) 

14.6 

14.6 

14.6 

14.6 

14.6 

14.6 

Buildings 

(885) 

19.6 

19.6 

19.6 

19.6 

19.6 

19.6 

Processing  equipment 
Mobile  equipment: 

(8,060) 

1,450.8 

1,160.6 

928.5 

742.8 

594.2 

475.4 

1st  5 years 
2nd  5 years 

(240) 

43.2 

43.2 

43.2 

43.2 

43.2 

(306.3) 

59.5 

Totals—^ 

(9,537) 

1,528.2 

1,233.0 

1,005.9 

820.2 

671.6 

569.1 

.1/ 


Year 


Land  (30  acres)— 
Land  improvements 
Buildings 

Processing  equipment 
Mobile  equipment: 

1st  5 years 
2nd  5 years 

n.  1/ 

Totals— 


Southern  Sites 


(Capital  Costs) 
1976 

Depreciation  . 
19-76  1977 

(266) 

(615) 

(7,839) 

13.3 

13.7 

1,411.0 

13.3 

13.7 

1,128.8 

(240) 

43.2 

43.2 

(9,020) 

1,481.2 

1,1990.0 

1978 

1979 

1980 

1981-1985 

13.3 

13.3 

13.3 

13.3 

13.7 

13.7 

13.7 

13.7 

903.  1 

722.4 

578.0 

462.4 

43.2 

43.2 

43.2 

(306.3) 

59.5 

973.3 

792.6 

648.2 

548.9 

Press  size:  4-  by  8-foot,  24  openings 

Annual  output  (’-s-lnch  basis)  : 37.5  MMSF 

3 

Annual  wood  requirement  (cubic  feet):  2. 6-3. 3 HMft  /A0%  logs,  60%  chips 


Northern  Sites 


(Capital  Costs) 

Depreciation  . 

1/ 

Land  (35  acres)— 

1976 

1976 

1977 

1978 

■ 1979 

1980 

1981-1985 

— 

— 

— 







— 

Land  improvements 

(301) 

15.1 

15.1 

15.1 

15.1  ■ 

15.1 

15.1 

Buildings 

(1,005) 

22.3 

22.3 

22.3 

22.3 

22.3 

22.3 

Processing  equipment 
Mobile,  equipment: 

(9,759) 

1,756.6 

1,405.3 

1,124.2 

899.4 

719.5 

575.6 

1st  5 years 

(415) 

74.7 

74.7 

74.7 

74.7 

74.7 

2nd  5 years 

(529.7) 

102.8 

Totals-^ 

(11,550) 

1,868.7 

1,517.4 

1,236.3 

1,011.5 

831.6 

715.8 

Southern  Sites 

(Capital  Costs) 

Depreciation  . 

1/ 

Land  ( 3.‘  acres)- 

1976 

1976 

1977 

1978 

1979 

1980 

1981-1985 

— 

— 

— 

— 

— 

— 

— 

Land  Improvements 

(277) 

13.9 

13.9 

13.9 

13.9 

13.9 

13.9 

Buildings 

(615) 

13.7 

13.7 

13.7 

13.7 

13.7 

13.7 

Processing  e.-;uipment 
Mobile  equipment: 

(9,513) 

1,712.3 

1,369.9 

1,095.9 

876.7 

701.4 

561.1 

1st  5 vcars 

(415) 

74.7 

74.7 

74.7 

74.7 

74.7 

2nd  5 years 

(529.7) 

102.8 

Totals-'^ 

(10,890) 

1,814.6 

1,472.2 

1,198.2 

979.0 

803.7 

691.5 

—See  appendix  ft  for  land  cost  estimates  for  each  site. 


139 


FACILITY  (CAPITAL  COSTS)  AND  DEPRECIATION  ALLOWANCES  ($1.000) 


Press  size:  4-  by  16-foot,  24  openings 


Annual  output  (4-lnch  basis);  75.0  MMSF 


Annual  wood  requirement  (cubic  feet):  5.2-6. 5 MMft  /40%  flakes,  60%  chips 

Northern  Sites 


(Capital  Costs) 

Depreciation  . 

1/ 

1976 

1976 

1977 

1978 

. 1979 

1980 

1981-1985 

Land  (40  acres)— 

— 

— 

— 

— 

— 

— 



Land  Improvements 

(388) 

19.4 

19.4 

19.4 

19.4 

19.4 

19.4 

Buildings 

(1,479) 

32.9 

32.9 

32.9 

32.9 

32.9 

32.9 

Processing  equipment 

(11,333) 

2,039.9 

1,632.0 

1,305.6 

1,044.4 

835.6 

668.4 

Mobile  equipment: 

1st  5 years 

(250) 

45 

45 

45 

45 

45 

2nd  5 years 

(319.1) 

61.9 

-r  •.  1/ 

Totals— 

(13,530) 

2,137.2 

1,729.3 

1,402.9 

1,141.7 

932.9 

782.6 

Southern  Sites 

(Capital  Costs) 

Depreciation  . 

1/ 

1976 

1976 

1977 

1978 

1979 

1980 

1981-1985 

Land  ( 40  acres)— 

— 

— 

— 







Land  Improvements 

(373) 

18.7 

18.7 

18.7 

18.7 

18.7 

18.7 

Buildings 

(1,029) 

22.9 

22.9 

22.9 

22.9 

22.9 

22.9 

Processing  equipment 

(11,138) 

2,004.8 

1,603.9 

1,283.1 

1,026.5 

821.2 

656.9 

Mobile  equipment: 

1st  5 years 

(250) 

45 

45 

45 

45 

45 

2nd  5 years 

ni9.1) 

61 .9 

Totals— 

(12,870) 

2,091.4 

1,690.5 

1,369.7 

1,113.1 

907.8 

760.4 

Press  size;  A-  by  16-foot,  24  openin:;s 


Annual  output  (^-inch  basis):  75.0  MMSF 


Annual  wood  requirement 

(cubic  feet):  5 

.2-6.5  MMft 

^/40%  logs. 

60%  chips 

Northern  Sites 

(Capital  Costs) 

Depreciation  , 

1/ 

1976 

1976 

1977 

1978 

■ 1979 

1980 

1981-1985 

Land  (60  acres)— 

— 

— 

— 







Land  improvements 

(418) 

20.9 

20.9 

20.9 

20.9 

20.9 

20.9 

Buildings 

(1,856) 

41.2 

41.2 

41.2 

41.2 

41.2 

41.2 

Processing  equipment 

(13,241) 

2,383.4 

1,906.7 

1,525.4 

1,220.3 

976.2 

780.9 

Mobile  equipment: 

1st  5 years 

(425) 

76.5 

76.5 

76.5 

76.5 

76.5 

2nd  5 years 

(542.4) 

105.3 

« , 1/ 
Totals— 

(16,060) 

2,522.0 

2,045.3 

1,664.0 

1,353.9 

1,114.8 

948.3 

Southern  Sites 

(Capital  Costs) 

Depreciation  . 

1 / 

1976 

1976 

1977 

1978 

1979 

1980 

1981-1985 

Land  (60  acres)— 

— 

— 

— 

— 





Land  Improvements 

(383) 

19.2 

19.2 

19.2 

19.2 

19.2 

19.2 

Buildings 

(1,076) 

23.9 

23.9 

23.9 

23.9 

23.9 

23.9 

Processing  equipment 

(12,894) 

2,320.9 

1,856.7 

1,485.4 

1,188.3 

950.6 

760.5 

Mobile  equipment: 

1st  5 years 

(425) 

76.5 

76.5 

76.5 

76.5 

76.5 

2nd  5 years 

(542.4) 

105.3 

Totals^^ 

(14,898) 

2,440.5 

1,976.3 

1,605.0 

1,307.9 

1,070.2 

908.9 

—See  appendix  ^ for  land  cost  estimates  for  each  site. 
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FACILITY  (CAPITAL  COSTS)  AND  DEPRECIATION  ALLOWANCES  ($1,000) 


I 


Press  size;  4-  by  24-ft,  24  openings 

Annual  output  (*5-lnch  basis):  112.5  >C1SF 

3 

Annual  wood  requirement  (cubic  feet):  7. 7-9. 7 MMft  /40%  flakes,  60%  chips 


Northern  Sites 


(Capital  Costs) 

Depreciation  . 

1/ 

Land  (70  acres)— 

1975 

1976 

1977 

1978 

. 1979 

1980 

1981-1985 

— 

— 

— 

— 

— 





Land  improvements 

(461) 

23.1 

23.1 

23.1 

23.1 

23.1 

23.1 

Buildings 

(2,045) 

45.5 

45.5 

45.5 

45.5 

45.5 

45.5 

Processing  equipment 
Mobile  equipment: 

(14,444) 

2,599.9 

2,079.9 

1,663.9 

1,331.1 

1,064.9 

851.9 

1st  5 years 
2nd  5 years 

(290) 

52.2 

52.2 

52.2 

52.2 

52.2 

(370.1) 

71.8 

» , 1/ 
Totals— 

(17,380) 

2,720.7 

2,200.7 

1,784.7 

1,451.9 

1,185.7 

992.3 

Southern  Sites 


(Capital  Costs) 

Depreciation  . 

1/ 

Land  (70  acres)— 

1976 

1976 

1977 

1978 

1979 

1980 

1981-1985 

— 

— 

— 

— 

— 





Land  Improvements 

(427) 

21.4 

21.4 

21.4 

21.4 

21.4 

* 21.4 

Buildings 

(1,360) 

30.2 

30.2 

30.2 

30.2 

30.2 

30.2 

Processing  equipment 
Mobile  equipment: 

(14,173) 

2,551.1 

2,040.-9 

1,632.7 

1,306.2 

1,044,9 

835.6 

1st  5 years 
2nd  5 years 

(290) 

52,2 

52.2 

52.2 

52.2 

52.2 

(370.1) 

71,8 

.r  1/ 

Totals— 

(16,390) 

2,654.9 

2,144.7 

1,736.5 

1,410.0 

1,148.7 

959.0 

Press  size;  A-  by  24-foot,  24  openings 

Annual  output  (^s-lnch  basis);  112.5  MMSF 

3 

Annual  wood  requirement  (cubic  feet):  7. 7-9 .7  MN'ft  /40%  logs,  60%  chips 


Northern  Sites 


1/ 

Land  (l 00 acres)— 
Land  improvements 
Buildings 

Processing  equipment 
Mobile  equipment: 

1st  5 years 
2nd  5 years 

(Capital  Costs) 
1976 

(512) 

(2,538) 

(16,855) 

(465) 

Depreciation  . . 

1976  1977 

25.6  25.6 

56.4  56.4 

3,033.9  2,427.1 

83.7  83.7 

1978 

25.6 
56.4 

1,941.7 

83.7 

. 1979 

25.6 
56.4 

1,553.4 

83.7 

- 1980 

25.6 
56.4 

1,242.7 

83.7 
(593.5) 

1981-1985 

25.6 

56.4 

994.1 

115.2 

Totals—^ 

(20,570) ^ 

Soutl 

(Capital  Costs) 

3,199.6  2,592.8 

lem  Sites 
Depreciation  . 

2,107.4 

1,719.1 

1,408.4 

1,191.3 

1/ 

Land  (100 acres)— 

1976 

1976 

1977 

1978 

1979 

1980 

1981-1985 

— 

— 

— 

— 

— 

— 

— 

Land  improvements 

(473) 

23.7 

23.7 

23.7 

23.7 

23.7 

23.7 

Buildings 

(1,391) 

30.9 

30.9 

30.9 

30.9 

30.9 

30.9 

Processing  equipment 
Mobile  equipment: 

(16,171) 

2,910.8 

2,328.6 

1,862.9 

1,490.3 

1,192.3 

953.8 

1st  5 years 
2nd  5 years 

(465) 

83.7 

83.8 

83,7 

83.7 

83.7 

(593.5) 

115.2 

.r  1/ 

Totals— 

(18,700) 

3,049.1 

2,466.9 

2,001.2 

1,628.6 

1,330.6 

1,092.1 

■^ee  appendix  fi  for  land  cost  estimates  for  each  site. 
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FACILITY  (CAPITAL  COSTS)  AND  DEPRECIATION  ALLOWANCES  ($1,000) 


Press  size;  8-  by  24-foot,  16  openings 

Annual  output  (Jj-inch  basis) ; 150.0  MMSF 

3 

Annual  wood  requirement  (cubic  feet):  10.0~12.6  MMft  /40/^  flakes,  60/(  chips 


Northern  Sites 


(Capital  Costs) 

Depreciation  . 

Land  (lOQacres)— 

Year 

1976 

.1976 

1977 

1978 

. 1979 

1980 

1981-1985 

— 

— 

— 

— 

— 

— 

— 

Land  improvements 

(625) 

31.3 

31.3 

31.3 

31.3 

31.3 

31.3 

Buildings 

(2,730) 

50.7 

50.7 

50.7 

50.7 

50.7 

50.7 

Processing  equipment 

(19,785) 

3,561.3 

2,849.0 

2,279.2 

1,823.4 

1,458.7 

1,167.0 

Mobile  equipment: 

1st  5 years 

(310) 

55.8 

55.8 

55.8 

55.8 

55.8 

2nd  5 years 

(395.7) 

76.8 

Totals—^ 

(23,650) 

3,699.1 

2,986.8 

2,417.0 

1,961.2 

1,596.5 

1,325.8 

Southern  Sites 

(Capital  Costs) 

Depreciation  . 

Land  (100 acres)— ^ 

Year 

1976 

1976 

1977 

1978 

1979 

1980 

1981-1985 

— 

— 

— 

— 

— 

— 

— 

Land  Improvements 

(545) 

27.3 

27.3 

27.3 

27.3 

27.3 

27.3 

Buildings 

(1,679) 

37.3 

37.3 

37.3 

37.3 

37.3 

37.3 

Processing  equipment 

(18,993) 

3,418.7 

2,735.0 

2,188.0 

1,750.4 

1,400.3 

1,120.3 

Mobile  equipment: 

1st  5 years 

(310) 

55.8 

55.8 

55.8 

55.8 

55.8 

2nd  5 years 

(395.7) 

76.8 

Totals— 

(21,727) 

3,539.1 

2,885.4 

2,308.4 

1,870.8 

1,520.7 

1,261.7 

Press  size;  8-  bv  24-foot,  16  openings 

Annual  output  (Jj-inch  basis);  150.0  MMSF 

3 

Annual  wood  requirement  (cubic  feet):  10.1-12.6  MMft  /40%  logs.  60%  chips 


Northern  Sites 


1/ 

Land (150  acres)— 

(Capital  Costs) 
1976 

Depreciation  . 
1976  1977 

. 1978 

. 1979 

1980 

1981-1985 

— 

— 

— 

— 

— 

— 

— 

Land  Improvements 

(695) 

34.8 

34.8 

34.8 

34.8 

34.8 

34.8 

Buildings 

(3,220) 

71.6 

7-1.6 

71.6 

71.6 

71.6 

71.6 

Processing  equipment 
Mobile  equipment: 

(22,200) 

3,996.0 

3,196.8 

2,557.4 

2,046.0 

1,636.8 

1,309.4 

1st  5 years 

(535) 

96.3 

96.3 

96.3 

96.3 

96.3 

2nd  5 years 

(682.8) 

132.5 

, 1/ 

Totals— 

\ 

\ 

(26,950)  ) 

4,198.7 

3,399.5 

2,760.1 

2,248.7 

1,839.5 

1,548.3 

— --.—^Southem  Sites 

1/ 

Land  (150  acres)— 

(Capital  Costs) 
1976 

Depreciation  . 
1976  1977 

1978 

1979 

1980 

1981-1985 

— 

— 

— 

— 

— 

— 

— 

Land  improvements 

(610) 

34.8 

34.8 

34.8 

34.8 

34.8 

34.8 

Buildings 

(1.720) 

38.2 

38.2 

38.2 

38.2 

38.2 

38.2 

Processing  equipment 

(21,159) 

3,808.6 

3,046.9 

2,437.5 

1,950.0 

1,560.0 

1,248.0 

Mobile  equipment : 
1st  5 years 
2nd  5 years 

(535) 

96.3 

96.3 

96.3 

96.3 

96.3 

(682.8) 

132.5 

Totals^'^ 

(24,324) 

3,977.9 

3,216.2 

2,606.8 

2,119.3 

1,729.3 

1,453.5 

^ee  appendix  ^ for  land  cost  estimates  for  each  site. 
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Appendix  B. --Personnel , chemical,  energy,  and  land  costs — 1976  basis. 
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— Thirty  percent  added  to  cover  fringe  benefits. 


chemical,  energy  and  land  costs- — 1976  basis 
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Thirty  percent  added  to  cover  fringe  benefits. 


STRUCTURAL  FLAKEBOARD  MANUFACTURING  PROCESS 
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Figure  1. — Structural  flakeboard  manufacturing  process. 


Tatble  1. — Average  investment  requirements  for  manufacturing  structural  flakeboard, 
1976  basis. 


Ann  ua 1 

output  capacity,  ^fSF, 

1/7  in.  basis 

37.  si' 

75.  Oi/ 

3/ 

112.5- 

150. oi^ 

N^/  si/ 

N S 

N S 

N S 

Dol lars , ■ 1000- 

100  PERCENT  FLAKES 


Facilities 

8,384 

7,820 

Working  capital 

446 

3 88 

Total 

8,830 

8,208 

40 

PERCENT 

Facilities 

9,605 

9,009 

13,621 

working  capital 

468 

422 

758 

Total 

10,073 

9,431 

14,379 

40 

PERCENT 

Faci lities 

11,630 

10,877 

16,197 

Working  capital 

747 

648 

1,203 

Total 

12 ,377 

11,525 

17,400 

1 

HPress  size  : 4- 

by  8-ft. 

2 

“Press  size;  4- 

by  16-ft. 

•^ress  size : 4- 

bv  2 4- ft. 

FLAKES , 

60  PERCENT 

CHIPS 

12,855 

17,539 

16,364 

23,878 

21,690 

654 

1,053 

907 

1,373 

1,177 

13,509 

18,597 

17,271 

25,251 

22,867 

LOGS,  60 

PERCEtW  CHIPS 

14,876 

20,798 

18,663 

27,292 

24,268 

1,024 

1 ,666 

1,402 

2,143 

1,797 

15,900 

22,464 

20,065 

29,435 

26,065 

4 

—Press 

size  : 

8-  by  24- 

ft. 

-N,  north;  S,  south. 
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Figure  2. — Sixteen  sites  in  U.S.  North  and  South  used  for  economic  assessments 
of  structural  flakeboard  manufacture. 
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SITES:  NORTHERN  INTEMPERATE  CLIMATES  (N),  SOUTHERN  TEMPERATE  CLIMATES  (S) 
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Figure  3. — Average  (— ),  low  (V),  and  high  (A)  production  costs,  excluding 
wood  costs,  1976  basis. 
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PRODUCTION  COST 
($/MSF-1/2”) 


MARKET  VALUE 
($/MSF-1/2”) 


WOOD  COST  (DOLLARS  PER  OVENDRY  TON) 

Figure  4. — Production  costs,  including  taxes  and  profit  (15  pet  rate  of  return) 
and  estimated  f.o.b.  mill  market  value  for  structural  flakeboard 
manufacture  at  Areata,  Calif. 


Table  3.  Raw  material  and  energy  requirements  for  manufacture  of  structural 
flakeboard  at  an  Areata,  Calif,  site. 


Requ irements 
Per  1,000  ft'^, 
1/2-inch  basis 


Raw  materials  and  energy: 
Wood  (O.D.  spec.  grav.  = 


.41) 


1/ 


Pounds  of  O.D.  wood 
Pounds  of  grn.  wood 
Cubic  feet  of  solid  wood 

2.129.8 

2.768.8 
83.3 

Resin  (pounds  of  solids) 

100.7 

Wax  (pounds  of  solids) 

20.1 

Heat-energy  (Btu's) 

3.532 

Electric  power  (Kwh) 

5.942 

-^ood  requirements  expressed  in  alternate  standards  of  measure. 
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Table  4. — Raw  material  and  energy  requirement  costs  for  manufacture  of 

structural  flakeboard  at  an  Areata,  Calif,  site — 1976  basis. 


Requirement  Costs 
$/MSF,  1/2"  basis 


Requi rements 

(dollars ) 

Wood  (42c/ft^) 

35.16 

a\.o  o 

Resin  (5%,  30c/lb.) 

30.21 

Wax  (1%,  19c/lb.) 

3.83 

Elec,  power  (2c/Kwh)  ^ , 
Dryer  heat  (62c/MNBtu)—  ^ , 
Process  steam  (62c/MMBtu)— 

.12  — 

t}  n 0 □ 

.75 

1.74 

Total  unit  cost 

71.81 

—Assumes  85%  of  heat-energy  requirements 

are  supplied  by  wood 

and  bark 

process  residues. 


Table  5. — Average  production  costs  for  manufacturing  structural 
flakeboard  at  Areata,  Calif. , 1976  basis. 


Type  of  Cost 

Production  Costs 

Without 

wood 

With  wood— 

Difference 

Dollars  per 

thousand 

square  feet. 

1/2-inch  basis 

Raw  materials 

36.65 

71.81 

35. 16 

Processing  labor 

6.67 

6.67 

— 

Selling  expense 

11.26 

15.37 

4.11 

Total  variable  costs 

54.58 

93.85 

39.27 

Overhead 

17.07 

17.07 

— 

Depreciation 

10.41 

10.41 

— 

Totcil  manufacturing 

82.06 

121.33 

39.27 

Taxes  (53  pet) 

15.01 

15.89 

.88 

Profit  (15  pet) 

15.50 

16.38 

. 88 

Total  Production 

112.57 

153.60 

41.03 

-• VJood  cost  = $33  per  ovendry  ton. 
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Tablfc  6. — Production  costs  for  structural  flakeboard  at  ncrthem  sites 
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FEASIBILITY  OF  FLAKEBOARD  PRODUCTION  IN 
FOUR  SOUTHERN  LOCATIONS 

Peter  Koch^’^ 

Chief  Wood  Scientist 
Southern  Forest  Experiment  Station 
USDA  Forest  Service 
Pineville,  Louisiana 

Abstract 


Flakeboard  manufactured  from  a species 
mix  of  60-percent  dense  hardwoods  and  40- 
percent  soft  hardwoods  or  southern  pine 
can  be  manufactured  profitably  in  southern 
plants  whose  annual  capacities  range  from 
37.5  to  150-million  square  feet  (1/2-inch 
basis).  The  1/2-inch  flakeboards  will 
weigh  about  50  pounds  per  cubic  foot  and 
can  be  delivered  to  retail  yards  in  the 
Midwest,  South,  and  East  at  prices  $20  to 
$90  lower  per  1,000  square  feet  than  the 
1977  average  sale  price  of  1/2-inch  3-ply 
CD  exterior  southern  pine  plywood.  Plants 
will  operate  most  profitably  on  residual 
flakes  from  other  manufacturing  operations; 
wood  supplied  as  flakes  and  chips  will 
yield  more  profit  than  that  supplied  as 
chips  and  roundwood.  Large  plants  will 
be  more  profitable  than  small  plants.  Of 
plant  locations  studied,  south  Georgia  and 
the  Arkansas -Missouri  border  have  the 
highest  profit  potential;  plants  on  the 
Texas-Louisiana  border  and  in  West 
Virginia  appear  slightly  less  promising. 
However,  even  the  poorest  location 
indicates  after-tax  profits  in  excess  of 
15  percent  on  entire  capital  requirement 
while  underselling  1/2-inch  southern  pine 
plywood  by  $20  per  thousand  square  feet 
(basea  on  1977  plywood  prices) . Total 
capital  requirements  range  from  $8.2  to 
$28.9  million,  depending  on  plant  capacity, 
type  of  wood  processed,  and  plant  location. 

By  the  year  2000  about  half  of  all 
softwood  harvested  in  the  United  States 
will  be  southern  pine- - largely  committed 
to  production  of  lumber,  plywood,  poles, 
fiberboard,  particleboard,  and  pulp. 

Little  surplus  volume  will  be  available 
to  supply  a major  new  commodity  market 
such  as  that  anticipated  for  structural 
exterior  flakeboard. 

There  is,  however,  a major  under- 
utilized wood  resource  in  the  South-- 
hardwoods  growing  on  southern  pine  sites. 

On  these  sites,  about  0.8  cubic  foot  of 
hardwoods  are  present  for  every  cubic 
foot  of  southern  pine.  Twenty-two 

^Steve  Moore,  Wood  Markets  Inc.,  Port- 
land, Oregon,  provided  data  on  average 
1977  prices  for  plywood  and  December  1977 
rail  rates  from  producing  areas  to 
markets . 

^The  Traffic  Department  of  the  Ten- 
nessee Valley  Authority,  Norris,  Tennessee, 
provided  suggestions  on  plant  sites  and 
data  on  rail  and  truck  freight  rates  from 
proposed  flakeboard  plant  sites  to  market 
cities . . 


species  account  for  over  90  percent  of 
the  hardwood  volume.  Eleven  of  the  22 
species  are  oaks,  and  they  comprise 
nearly  half  of  the  volume.  Sweetgum  and 
hickory  are  the  next  leading  species. 

About  half  the  volume  is  in  trees  5 to 
11.9  inches  in  d.b.h.  and  averaging  40 
to  70  years  of  age.  The  remainder  is 
about  equally  divided  between  trees  12 
to  14.9  inches  d.b.h.  and  trees  15  inches 
or  larger  (Murphy  and  Knight  1974)  . With 
the  exceptions  of  yellow-poplar,  sweetbay, 
sweetgum,  and  red  maple  (the  soft  hard- 
woods) all  exceed  0.5  specific  gravity 
(Table  1) . 

Species  mix  varies  with  location,  but 
throughout  the  South  (except  in  northern 
Arkansas  and  southern  Missouri)  a mix  of 
approximately  60-percent  hard  hardwoods 
and  40-percent  softwoods  and  soft  hard- 
woods is  available.  From  such  a mix,  a 
structural  flakeboard  can  be  fabricated 
to  a shipping  weight  of  47  to  50  pounds 
per  cubic  foot  (Hse  et  al.  1975,  and 
Price  1977) . 

In  northern  Arkansas  and  southern 
Missouri  less  than  10  percent  of  the  hard- 
wood resource  is  soft  hardwoods  and 
southern  pine  is  in  limited  supply.  Oaks 
and  hickories,  however,  are  plentiful. 
Flakeboards  containing  mostly  oak  and 
hickory  may  have  shipping  weights  of  50 
to  54  pounds  per  cubic  foot,  slightly 
higher  than  that  of  boards  made  with  a mix 
containing  softwoods  and  soft  hardwoods. 

In  this  analysis,  flakeboards  from  all 
southern  locations  have  been  assigned  a 
shipping  weight  of  2,083  pounds  per  1,000 
square  feet  of  1/2-inch  board,  or  50 
pounds  per  cubic  foot. 

The  hardwood  species  on  pine  sites 
are  spread  across  the  12  southern  states 
(Table  2) . Large  volumes  also  grow  in 
Missouri  and  West  Virginia.  Their  distri- 
bution in  the  12  southern  states  is  shown 
in  maps  provided  by  Christopher  et  al . 
(1976) . 

The  foregoing  summarizes  hardwood 
survey  data  specific  to  southern  pine 
sites.  Additional  state  and  regional  data 
are  periodically  available,  however,  for 
the  hardwood  resource  on  all  site  classes. 
Readers  interested  in  the  most  current 
survey  data  should  direct  their  queries  to 
the  Southern  and  Southeastern  Forest 
Experiment  Stations  of  the  U.S.  Forest 
Service.  A sampling  of  recent  references 
containing  data  on  the  12-State  southern 
region  plus  Missouri  and  West  Virginia 
follows  on  page  153. 
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Table  1.  - SPECIFIC  GRAVITY,  MOISTURE  CONTENT,  AND  GREEN  WOOD  WEIGHT  OF  STEMWOOD 
FROM  6- INCH  HARDWOODS  ON  SOUTHERN  PINE  SITES^ 


Species 

Percent 
of  total 
volume^ 

Stemwood 
specif i c 

gravi tyC 

Stemwood 

moisture 

content^ 

Weight  of 
bark- free 
green 
s temwood 

( Percent) 

(Pounds/cu . f t . ) 

Ash,  green  ) 

0.9 

0 . 561 

47.4 

51.6 

Ash,  white  ) 

.582 

47 . 5 

53.6 

Elm,  American  j 

1.4 

. 536 

75.5 

58.7 

Elm,  winged  ) 

.623 

65.6 

64.4 

Hackberry 

. 1 

. 525 

72.6 

56.5 

Hickory,  true 

8 . 5 

.643 

51.5 

60.8 

Maple,  red 

3 . 6 

.496 

69.9 

52.6 

Oak,  black 

4.0 

.620 

69 . 2 

65 . 5 

Oak,  blackjack 

< . 1 

.638 

74 . 2 

69.4 

Oak,  cherrybark 

1 . 2 

.633 

66.6 

65 . 8 

Oak,  chestnut 

4.2 

e 

e 

e 

Oak,  laurel 

1.4 

. 582 

74.4 

63.3 

Oak,  northern  red 

2.4 

. 605 

69.7 

64.1 

Oak,  post 

7.0 

.659 

65.6 

68.1 

Oak,  scarlet 

3.6 

.622 

69.4 

65.7 

Oak,  Shumard 

. 2 

.625 

69.1 

65.9 

Oak,  southern  red 

8.1 

. 609 

70.1 

64.6 

Oak,  water 

4.7 

. 587 

73.6 

63.6 

Oak,  white 

12.3 

. 665 

61.9 

67.2 

Sweetbay 

.6 

.437 

100.8 

54.8 

Sweetgum 

13.2 

.453 

120.4 

62.3 

Tupelo,  black 

5.5 

. 500 

90.0 

59.3 

Yel low- poplar 

7.0 

. 395 

111.7 

52.2 

Other  hardwoods 

10 . 1 
100.0 

^Data  from  Manwiller  (1978). 

^Data  from  Christoper  et  al.  (1976). 

Q 

Basis  of  ovendry  weight  and  volume  when  green. 

^Dry  weight  basis. 

0 

Data  not  available. 
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Table  2.  - VOLUMES  OF  HARDWOODS  ON  SOUTHERN  PINE  SITES  BY  STATE^ 


Species 

Ala- 

bama 

Arkan- 

sas 

- Flor 
ida 

-Geor- 

gia 

Loui- 

siana 

Missis- 

sippi 

North 

Caro- 

lina 

South 
Okla-  Caro- 
homa  lina 

Tennes- 

see 

Texas 

Vir- 

ginia 

(Million 

cubic  feet) 

Ash,  sp. 

53 

50 

2 

45 

42 

29 

42 

5 42 

42 

33 

56 

Elm,  sp. 

68 

102 

4 

80 

47 

82 

63 

18  71 

26 

64 

43 

Hackberry , 
sp. 

8 

5 

1 

2 

3 

4 

6 

1 9 

4 

13 

1 

Hickory,  sp. 

850 

518 

37 

501 

197 

356 

422 

88  185 

492 

155 

372 

Maple,  red 

126 

41 

23 

244 

51 

53 

502 

2 153 

147 

25 

384 

Oak,  black 

255 

353 

188 

19 

94 

219 

53  78 

333 

20 

337 

cherrybark 

43 

109 

-- 

12 

110 

120 

40 

1 52 

6 

69 

17 

chestnut 

285 

-- 

224 

-- 

3 

300 

35 

571 

685 

laurel 

95 

-- 

146 

254 

42 

12 

113 

18 

3 

northern 

red 

105 

221 

148 

6 

150 

12  55 

208 

264 

post 

381 

801 

15 

252 

307 

453 

261 

226  132 

139 

405 

72 

scarlet 

166 

2 

247 

-- 

39 

420 

94 

321 

-- 

510 

Shumard 

25 

15 

1 

12 

3 

46 

4 6 

2 

6 

southern 

red 

602 

589 

49 

418 

446 

568 

357 

35  170 

132 

343 

285 

water 

379 

112 

104 

459 

254 

217 

293 

6 268 

1 

219 

20 

white 

633 

893 

8 

573 

283 

438 

1,022 

62  287 

530 

180 

1,149 

Sweetbay 

82 

1 

60 

37 

36 

63 

7 

2 

-- 

10 

2 

Sweet gum 

950 

611 

93 

1,055 

690 

531 

804 

32  636 

53 

554 

499 

Tupelo , 
black 

323 

216 

158 

575 

154 

233 

298 

18  296 

111 

124 

204 

Yellow- 

poplar 

419 

1 

14 

616 

10 

122 

946 

210 

278 

805 

Other 

hardwoods 

609 

286 

363 

658 

391 

358 

686 

70  464 

328 

355 

410 

Total  6 

,456 

4,926 

1,078 

6,600 

3,085 

3,827 

6,838 

633  3,358 

3,724 

2,593 

6,118 

^Chris  toper 
dbh  outside 

et  al 
bark 

. 1976.  Volumes 
to  a 4-inch  top 

of  bark-free  wood  in 
measured  outside  bark 

trees  5 inches  and  ! 

larger 

in 

State  and  reference 


Title 


Alabama 

Beltz  (1975a) 

Hedlund  and  Earles  (1973) 
Murphy  (1973) 


Alabama's  timber  resources  updated,  1975 
Forest  statistics  for  Alabama  counties 
Alabama  forests:  trends  and  prospects 


Arkansas 

Beltz  (1975b) 

Hedlund  and  Earles  (1970) 
Van  Sickle  (1970) 


Arkansas's  timber  resources  updated,  1975 
Forest  statistics  for  Arkansas  counties 
Arkansas  forest  resource  patterns 


Georgia 

Morris  and  Steinbeck  (1974) 


Georgia's  timber  resources 


Florida 

Knight  and  McClure  (1971)  Florida's  timber,  1970 

Louisiana 

Bertelson  (1974) 
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Louisiana  forest  industries,  1973 


State  and  reference 


Title 


Earles  (1975) 
Maddocks  (1976) 

Forest  statistics  for  Louisiana  parishes 
Hardwoods  § wi Idl i fe - -here  today,  here 

tomorrow.  Part  I:  manage  the  hardwoods. 

Murphy  (1975) 

Louisiana  forests:  status  § outlook 

Mississippi 

Beltz  and  Christopher  (1970) 

Computer  program  for  updating  timber 
resource  statistics  by  county,  with 
tables  for  Mississippi 

Hedlund  and  Earles  (1969) 

Forest  statistics  for  Mississippi 
counties 

Van  Sickle  and  Van  Hooser  (1969) 

Forest  resources  of  Mississippi 

Missouri 

Essex  and  Spencer  (1974) 

Timber  resources  of  Missouri's  eastern 
Ozarks --'11 

Hahn  and  Vasilevsky  (1975) 

Timber  resources  of  Missouri's  Prairie 

Ostrom  (1974) 

region 

Timber  volume  in  Missouri  counties 

North  Carolina 
Cost  (1975) 

Forest  statistics  for  the  Mountain 

Knight  (1975a) 

Region  of  North  Carolina,  1974 
A preview  of  "North  Carolina's  timber, 
1974" 

Knight  (1975b) 

North  Carolina's  timberland  acreage  is 
declining 

Knight  and  McClure  (1966) 

North  Carolina's  timber 

South  Carolina 

Knight  and  McClure  (1969) 

South  Carolina's  timber,  1968 

Oklahoma 

Murphy  (1977) 

East  Oklahoma  forests:  trends  and 

outlook 

Earles  (1976a) 

Forest  statistics  for  east  Oklahoma 
counties 

Tennessee 

Hedlund  and  Earles  (1971) 
Murphy  (1972) 

Forest  statistics  for  Tennessee 
Forest  resources  of  Tennessee 

Texas 

Bertelson  (1975a) 
Earles  (1976b) 

East  Texas  forest  industries,  1974 
Forest  statistics  for  east  Texas  piney 
woods  counties 

Murphy  (1976) 

East  Texas  forests:  status  and  trends 

Virginia 

Knight  and  McClure  (1967) 

Virginia's  timber,  1966 

West  Virginia 

Ferguson  (1964) 

The  timber  resources  of  West  Virginia 

Southwide  data  are  reported  in  the 

following  publications: 

Reference 

Title 

Bellamy  (1972) 
Bellamy  (1974) 

Beltz  (1972) 

Beltz  and  Bertelson 

Southern  pulpwood  production,  1971 
Southerm  pulpwood  production,  1973 
Midsouth  pulpwood  movement 
Timber  resource  statistics  for  Midsouth 

Bertelson  (1973) 

Bertelson  (1975b) 

Cruikshank  and  McCormack  (1956) 

counties , 1971 

Southern  pulpwood  production,  1972 
Southern  pulpwood  production,  1974 
The  distribution  and  volume  of  hickory 
timber 

Earles  (1973) 

Forest  area  statistics  for  Midsouth 
counties 

Hair  (1966) 

Projected  demands  for  hardwood  veneer 
emphasize  research-management  needs 
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Reference 


Title 


Harold  (1976) 

Hedlund  and  Knight  (1969) 
Hertzler  (1951) 

Murphy^ 

Ostermeier  (1975) 

Quigley  (1971) 

Siegel  (1963) 

Sternitzke  (1973) 

Sternitzke  (1974) 

Sternitzke  (1975) 
Sternitzke  (1976) 


These  numerous  publications  verify 
that  hardwood  resources  are  adequate  for 
flakeboard  manufacturing  operations  at 
many  southern  locations.  Optimum  sites 
at  which  to  manufacture  flakeboard  are 
not  solely  determined  by  wood  supply, 
however.  Price  and  freight  structure  in 
Eastern,  Southern,  and  Midwestern  ply- 
wood markets  are  also  major  factors. 

Plywood  Price  and  Freight  Structure 

Flakeboard  sheathing  will  compete  in 
price  and  function  with  CD  exterior 
flakeboard  sheathing  made  from  Douglas- 
fir  and  southern  pine.  To  enter  the 
market,  1/2-inch  flakeboard  probably  must 
undersell  3-ply  southern  pine,  the  most 
economical  1/2-inch  plywood  sheathing. 
Because  flakeboard  sheathing  is  heavier 
and  harder  to  nail  than  plywood  sheathing 
of  the  same  thickness,  it  seems  likely 
that  a price  differential  will  be  needed 
to  induce  carpenters  to  use  the  heavier 
product.  It  might  be  noted,  however, 
that  flakeboard  weighs  no  more  than 
gypsum  board  which  carpenters  handle 
routinely  without  undue  difficulty.  Some 
manufacturers  contemplating  flakeboard 
production  feel  that  floor  underlayment 
provides  easiest  market  entry,  because 
the  heavy  flakeboard  panels  are  more 
easily  handled  at  floor  level  than  on 
roofs . 

Mill  prices  and  delivered  prices  for 
sheathing  are  dependent  on  the  cost  of 
transportation  to  market.  For  example, 
based  on  December  1977  freight  rates, 
east  Texas  mills  undersold  West  Coast 
mills  in  all  eastern  markets  studied; 


TVA  is  looking  ahead  at  veneer  timber 
opportunities 

Hardwood  distribution  maps  for  the  South 
Southern  hardwoods  for  veneer  and  plywood 
The  timber  resource  of  the  Midsouth 
The  South's  forest  products  industries: 
a major  industrial  sector 
The  supply  and  demand  situation  for  oak 
timber 

The  changing  hardwood  lumber  industry 
The  South's  timber  resources:  status 

and  trends 

Eastern  hardwood  resources:  trends  and 

prospects 

Shifting  hardwood  trends  in  the  South 
Impact  of  changing  land  use  on  delta 
hardwood  forests 


moreover,  the  east  Texas  plywood  mills 
received  (FOB  mill)  about  $11  more  per 
thousand  square  feet  of  1/2-inch  3-ply 
sheathing  than  did  West  Coast  mills 
(Tables  3 and  4) . 

Plywood  mills  throughout  the  South 
generally  obtain  FOB  mill  prices  that 
enable  them  to  meet  delivered  prices  by 
east  Texas  mills,  i.e.,  all  the  southern 
mills  deliver  plywood  to  market  destina- 
tions at  about  the  same  price  (Table  4, 
right-hand  column) . 

Plant  Location  and  Freight  Costs 

As  previously  noted,  mill  prices  for 
sheathing  are  dependent  on  the  cost  of 
transportation  to  market  (Tables  3 and  4) . 

Because  the  wood  resource  for  flake- 
board is  distributed  throughout  the  South, 
many  locations  can  advantageously  serve 
large  markets.  Four  such  locations,  with 
associated  markets  are  listed  on  page  158. 

The  towns  named  as  possible  mill 
sites  are  not  necessarily  optimum;  they 
served,  however,  as  locations  from  which 
to  base  transportation  charges  to  markets. 
Rail  transport  costs  to  representative 
markets  range  from  about  $10  to  over  $25 
per  thousand  square  feet  of  1/2-inch 
flakeboard  (Table  5) . Rail  freight  from 
Crockett,  Texas,  to  Kansas  City  seems 
disproportionately  high  ($25.88);  lower 
transport  costs  could  perhaps  be  achieved 
from  a different  location  in  the  general 
area . 


Murphy , P.A.  The  timber  resource  of 
the  Midsouth.  Paper  presented  at  the  Mid- 
South  Section  meeting  to  the  For.  Prod. 
Res.  Soc.  at  Jackson,  Miss.,  Oct.  13-14, 
1976.  23  p. 
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Table  3.  - PRICE  PAID  BY  RETAILERS  AT  EIGHT  LOCATIONS  FOR  1/2-INCH  CD  EXTERIOR 
DOUGLAS-FIR  3-PLY  SHEATHING  PLYWOOD,  BASED  ON  AVERAGE  1977  MILL  PRICES 

AND  DECEMBER  1977  FREIGHT  RATES 


Rail  freight 
Retail  per  CWT  from 
Location  Portland^ 

Freight  per 
thousand 
square  feet^ 

FOB  West-Coast 
mill  priced ,d 

Price  paid 
by  retailer 
for  sheathing 

(Dollars ) 

Houston 

2.63 

40 .11 

211 

251 

Kansas  City 

2.39 

36.45 

211 

247 

St.  Louis 

2.63 

40.11 

211 

251 

Chicago 

2.66 

40.57 

211 

252 

Tampa 

3.20 

48 .80 

211 

260 

Mobile 

2.99 

45.60 

211 

257 

Pittsburg 

3 . 16 

48.19 

211 

259 

New  York 

3 .20 

48.80 

211 

260 

^85 ,000-pound 
destinations 

rate  on  first 

four  destinations  and 

75,000-pound  minimum 

on  last  four 

^Based  on  1,525  pounds  per  1 

,000  square  feet. 

Q 

Average  for  1977;  from  this 
payment  in  10  days. 

price,  the  retailer 

got  only  a 2%  cash  discount  for 

^4-  and  5-ply 
for  3-ply. 

sheathing  sells  FOB  mill  at  a price 

about  $9  higher  than 

these  values 

Table  4.  - PRICE  PAID  BY  RETAILERS  AT  EIGHT  LOCATIONS  FOR  1/2- INCH  CD  EXTERIOR 
SOUTHERN  PINE  3-PLY  SHEATHING  PLYWOOD,  BASED  ON  AVERAGE  1977  EAST  TEXAS 


MILL  PRICES 

AND  DECEMBER  1977 

FREIGHT  RATES 

Retail 

location 

Rail  freight 
per  CWT  from 
east  Texas^ 

Freight  per 
thousand 
square  feet^ 

FOB  east  Texas 
mill  priced 

Price  paid 
by  retailer 
for  sheathing 

(Dollars) 

Hous  ton 

0 .44 

6.71 

222 

229 

Kansas  City 

1 .05 

16.01 

222 

238 

St.  Louis 

1.04 

15.86 

222 

238 

Chicago 

1 . 30 

19.83 

222 

242 

Tampa 

1.35 

20.59 

222 

243 

Mob i le 

. 86 

13.12 

222 

235 

Pi ttsburh 

1.75 

26.69 

222 

249 

New  York 

2 . 13 

32.48 

222 

254 

^Based  on  average  shipment  weight  of  115,000  pounds  per  car. 

^^Based  on  1 ,525  pounds  per  1,000  square  feet. 

Q 

Average  for  1977;  from  this  price  the  retailer  got  only  a 2%  cash  discount  for 
payment  in  10  days. 
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Plant  location 

Primary  market 

Secondary  market 

Texas-Louisiana  border 
(e.g.,  Crockett,  TX) 

Dallas-Ft.  Worth 

Houston 

Waco 

San  Antonio 

Austin 

Abilene 

St.  Louis 
Kansas  City 
Wichita 
Topeka 

Oklahoma  City 
Tulsa 

Arkansas-Missouri  border 
(e.g.  , Hoxie , Ark . ) 

St.  Louis 
Kansas  City 

Chicago 

Indianapolis 

Cincinnati 

Topeka 

South  Georgia 

(e.g. , Waycross) 

Savannah 

Atlanta 

Jacksonville 

Tampa 

Miami 

Gainsvil le 

Orlando 

Tallahassee 

Mobile 

Birmingham 

Huntsville 

Northern  West  Virginia 
(e.g. , Grafton) 

Columbus 
Cleveland 
Washington,  D.C. 
Pittsburg 
Wheeling 

Bos  ton 
New  York 
Buffalo 

Table  5.  - POTENTIAL  MILL-MARKET  LOCATION,  FOB  MILL  SALES  PRICES,  FREIGHT  COSTS,  AND 

ESTIMATED  DELIVERED  SALES  PRICES  FOR  1/2- INCH 
STRUCTURAL  EXTERIOR  FLAKEBOARD  SHEATHING 


Flakeboard 
freight  to“^ 

Price  delivered 
to  retailer^* 

Estimated 
flakeboard 
sales  price 
FOB  mill^ 

Mill 

location 

Maj  or 
market 

Extended 

market 

Major 

market 

Extended 

market 

Maj  or 
market 

Extended 

market 

Major 

market 

Extended 

market 

Crockett , 
Texas 

Houston 

Kansas 

City 

(Dollars 

9.17 

per  1,000 
25.88 

square 

209 

feet) 

218 

200 

192 

Hoxie , 
Arkansas 

St. 

Louis 

Chicago 

11.71 

20.78 

218 

222 

206 

201 

Waycross , 
Georgia 

Tampa 

Mobile 

10.14 

15.62 

223 

215 

213 

199 

Grafton , 
West 

Virginia 

Pitts- 

burg 

New  York 

10.55 

18.33 

229 

234 

218 

216 

^Based  on  90,000-pound  car  containing  43,207  square  feet  of  1/2-inch  flakeboard  with 
shipping  weight  of  50  pounds  per  cubic  foot. 

^Priced  to  undersell  1/2-inch  3-ply  CD  exterior  southern  pine  plywood  sheathing  by 
$20  per  thousand  square  feet,  based  on  1977  average  plywood  prices. 

^From  this  price  the  retailer  will  get  only  a 2-percent  discount  for  payment  of 
invoice  within  10  days. 
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Approximate  costs  to  truck  1/2-inch 
flakeboard  from  these  locations  are: 


Origin  and  destination 

Grafton,  West  Virgin!  i 
Pittsburg 
New  York 

Waycross  , Georgia 
Tampa 
Mobile 

Hoxie,  Arkansas 
St.  Louis 
Chicago 

Crockett,  Texas 
Houston 
Kansas  City 


Minimum  load 

24  ,000  pounds  50 ,000  pounds 

(Dollars  per  1,000  square  feet) 


28.33 

43.12 


27.29 
41 . 24 

29.16 

36.66 


30 . 00 
47.91 


61.03 


21.45 


Estimated  Sales  Price  Obtainable 

To  predict  FOB  mill  prices  for  1/2- 
inch  flakeboard  sheathing,  a delivered 
price  at  which  the  retailer  will  switch 
from  plywood  to  flakeboard  must  first  be 
estimated.  Because  flakeboard  from 
southern  hardwoods  is  heavier  and  harder 
to  nail  than  plywood,  it  will  probably 
have  to  be  offered  at  a lower  price 
(perhaps  $20  per  thousand  square  feet 
less)  than  plywood.  On  the  basis  of  1977 
prices  for  plywood  this  assumption  results 
in  FOB  mill  prices  in  the  range  from  $192 
to  $218  per  thousand  square  feet  depend- 
ing on  mill  and  market  locations  (Table 
5)  . 

It  is  recognized  that  plywood  prices 
were  at  record  high  levels  in  1977,  but 
it  seems  doubtful  that  they  will  be 
appreciably  lower  in  the  years  ahead.  It 
is  worth  noting,  however,  that  during  the 
low  market  of  1974,  FOB  mill  prices  for 
1/2-inch  plywood  were  nearly  $100  per 
thousand  square  feet  lower  than  the  1977 
average. 

Production  Cost 

Total  mill  price  must  include  wood 
costs  and  production  costs;  production 
costs  as  defined  in  Section  3.2  include 
the  costs  of  raw  material  (except  wood) , 
manufacturing,  selling,  overhead,  dis- 
counts, commissions,  and  a profit  on  the 
entire  capital  requirement  sufficient  to 
yield  about  15-percent  return  after  State 
and  Federal  taxes. 


cording  to  plant  location,  plant  capacity, 
and  form  of  wood  entering  the  plant  (i.e., 
roundwood  requiring  debarking  or  residual 
bark-free  chips  or  flakes  residual  from 
other  manufacturing  operations).  The 
relationships  among  these  variables  are 
mathematically  expressed  in  Table  6 and 
illustrated  in  Figures  1 through  4. 

Capital  Requirements 

Capital  requirements  during  the  first 
10  years  of  plant  life  will  vary  with 


location,  type  of  wood, 
but  can  be  summarized  as 

and  plant  capacity, 
follows : 

Annual  plant  capacity 
of  1/2-inch  flakeboard 
(million  square  feet) 
and  type  of  wood 

Total  capital 
requirement  in- 
cluding operating 
capital 

37.5 

Flakes 

Flakes  and  chips 
Chips  and  roundwood 

(Million  dollars) 

8.2-  8.7 

9.4  - 9.9 

11.5  - 12.2 

75.0 

Flakes  and  chips 
Chips  and  roundw'ood 

13.4  - 14.2 
15.8  - 17.1 

112.5 

Flakes  and  chips 
Chips  and  roundwood 

17.2  - 18.3 
19.9  - 22.1 

150.0 

Flakes  and  chips 
Chips  and  roundwood 

22.7  - 24.9 
25.9  - 28.9 

These  production  costs  vary  ac- 
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For  all  plants,  capital  costs  were 
estimated  to  be  least  in  the  Georgia 
location,  and  most  in  West  Virginia. 


Table  6.  - TOTAL  MILL  COSTS,  INCLUDING  WOOD,  DISCOUNTS  AND  COMMISSIONS,  AND  15  PERCENT 
AFTER-TAX  PROFIT,  TO  MANUFACTURE  A THOUSAND  SQUARE  FEET  OF  1/2- INCH  STRUCTURAL  EXTERIOR 


FLAKEBOARD  FROM  MIXED  SOUTHERN  SPECIES  IN  MILLS  OF  FOUR  CAPACITIES,  USING  THREE  TYPES 
OF  FURNISH,  IN  FOUR  GEOGRAPHICAL  LOCATIONS.  COSTS  ARE  EXPRESSED  IN  TERMS  OF  WOOD  COST 


PER  DRY 

TON  (X) 

IN  REGRESSION 

EQUATIONS 

OF  THE  FORM: 

TOTAL  COST  = 

A + BX 

Mill 

form 

location 
of  wood  I 

and 

used 

Intercept 

A 

Slope 

B 

Estimated^ 
wood  cost 
X 

Total 

mill 

cost 

Estimated 
achievable 
sales  price 
FOB  millb 

( $ /dry  ton)  ($/thousand  square  feet) 


37.5  MILLION 

SQUARE  FEET 

ANNUAL 

CAPACITY , 

1/2-INCH  BASIS 

Texas -Louis iana  border 

Flakes^  ^ 

150.44 

1.39 

16 

173 

192 

Flakes  and  chips^  ^ 

163.47 

1 . 39 

16 

186 

to 

Roundwood  and  chips 

183.81 

1.43 

16 

207 

200 

Arkansas -Missouri  border 

Flakes 

150.59 

1.39 

18 

176 

201 

Flakes  and  chips 

163.64 

1.39 

18 

189 

to 

Roundwood  and  chips 

184.03 

1.43 

16 

207 

206 

South  Georgia 

Flakes 

153.29 

1.26 

18 

176 

199 

Flakes  and  chips 

166.99 

1 . 26 

18 

190 

to 

Roundwood  and  chips 

191.05 

1 . 30 

20 

217 

213 

West  Virginia 

Flakes 

171.07 

1 . 40 

18 

196 

216 

Flakes  and  chips 

186.43 

1.40 

18 

212 

to 

Roundwood  and  chips 

75  MILLION 

209.08 
SQUARE  FEET 

1.43 

ANNUAL 

19 

CAPACITY, 

236 

1/2-INCH  BASIS 

218 

Texas-Louisiana  border 

Flakes  and  chips 

125.63 

1.38 

16 

148 

192 

to 

Chips  and  roundwood 
Arkansas -Missouri  border 

137 .39 

1.41 

16 

160 

200 

Flakes  and  chips 

125.75 

1.38 

18 

151 

200 

to 

Roundwood  and  chips 

137.53 

1.41 

16 

160 

206 

South  Georgia 

Flakes  and  chips 

125.24 

1.38 

18 

150 

199 

to 

Roundwood  and  chips 

136.96 

1.42 

20 

165 

213 

West  Virginia 

Flakes  and  chips 

148.72 

1.39 

18 

174 

216 

to 

Roundwood  and  chips  163.45  1.42  19 

112.5  MILLION  SQUARE  FEET  ANNUAL  CAPACITY 

190 

, 1/2-INCH  BASIS 

218 

Texas-Louisiana  border 

Flakes  and  chips 

113.05 

1.38 

16 

135 

192 

to 

Roundwood  and  chips 

121.60 

1.41 

16 

144 

200 

Arkansas -Missouri  border 

Flakes  and  chips 

113.16 

1.38 

18 

138 

200 

to 

Roundwood  and  chips 

121.72 

1.41 

16 

144 

206 

South  Georgia 

Flakes  and  chips 

112.49 

1.38 

18 

137 

199 

to 

Roundwood  and  chips 

121.00 

1.42 

20 

149 

213 

West  Virginia 

Flakes  and  chips 

136.40 

1.38 

18 

161 

216 

to 

Roundwood  and  chips 

148.49 

1.41 

19 

175 

218 

160 


Table  6. 


Continued 


Mill  location  and 
form  of  wood  used 

Intercept 

A 

Slope 

B 

Estimated^ 
wood  cost 
X 

Total 

mill 

cost 

Estimated 
achievable 
sales  price 
FOB  mill^' 

150  MILLION  SQUARE  FEET 

ANNUAL 

GAPACITY,  1/2- 

INCH  BASIS 

Texas-Louisiana  border 

Flakes  and  chips 

109.92 

1 . 35 

16 

132 

192  to 

Roundwood  and  chips 

117.24 

1 .38 

16 

139 

200 

Arkansas-Missouri  border 

Flakes  and  chips 

110.03 

1.35 

18 

134 

201  to 

Roundwood  and  chips 

117 . 36 

1 .38 

16 

139 

206 

South  Georgia 

Flakes  and  chips 

109.45 

1.35 

18 

134 

199  to 

Roundwood  and  chips 

116.71 

1 . 39 

20 

145 

213 

West  Virginia 

Flakes  and  chips 

135 . 16 

1.35 

18 

159 

216  to 

Roundwood  and  chips 

144 .75 

1.39 

19 

171 

218 

^Based  on  1976  regional  wood  prices  and  assuming  that  flakes  residual  from  other 
manufacturing  operations  are  priced  the  same  as  residual  bark-free  pulp  chips; 
assumes  60  percent  dense  hardwoods  and  40  percent  soft  hardwoods  or  softwoods. 

^From  Table  5 . 

Q 

100  percent  flakes. 

^40  percent  flakes  and  60  percent  chips. 

0 

40  percent  chips  and  60  percent  barky  roundwood. 


Conclusions  and  Discussion 

Except  for  mills  with  smallest  annual 
capacity  using  roundwood,  all  flakeboard 
plants  could  be  profitable  at  all  loca- 
tions using  any  of  the  forms  of  wood 
supply.  Large  plants  will  be  more 
profitable  than  small  plants  if  wood 
costs  are  the  same  for  both. 

The  amount  by  which  estimated  FOB 
mill  sales  price  exceeds  (or  falls  short 
of)  estimated  mill  cost,  including  15- 
percent  after  tax  profit  on  entire 
capital  requirement,  varies  with  location 
as  shown  on  page  162. 

These  amounts  are  based  on  1976 
wood  costs.  For  each  dollar  per  ovendry 
ton  that  current  wood  costs  exceed  those 
in  Table  6,  amounts  will  be  reduced  by 
$1.26  to  $1.43  per  thousand  square  feet. 
For  example,  if  1978  wood  costs  are 
$4/dry  ton  higher  than  values  in  Table  6, 
spreads  will  be  reduced  $5  to  $6  per 
thousand  square  feet. 

Assuming  flakes  can  be  purchased  for 
the  same  price  as  chips,  plants  will 
operate  most  profitably  on  residual  flakes. 
A mixture  of  flakes  and  chips  will  yield 


more  profit  than  a mixture  of  chips  and 
roundwood . 

All  locations  should  accommodate 
profitable  mills,  but  the  south  Georgia 
and  Arkansas -Missouri  border  locations 
appear  to  offer  the  greatest  profit 
potential.  Although  West  Virginia  is 
adjacent  to  markets  that  should  pay  most 
for  sheathing  (because  of  high  freight 
costs  from  competing  regions)  , manufac- 
turing costs  are  estimated  to  be  somewhat 
higher  than  in  other  southern  locations, 
and  estimated  profit  is  therefore  lower. 

Best  board  properties  will  be 
achieved  through  use  of  precisely  manu- 
factured flakes.  With  present  knowledge, 
precisely  manufactured  flakes  cannot  be 
cut  from  ordinary  pulp  chips  or  even  from 
maxi-chips;  flakes  derived  from  such 
chips  must  therefore  be  used  in  panel 
cores  and  not  in  faces. 

As  previously  explained,  a small- 
capacity  plant  capable  of  manufacturing 
37.5  million  square  feet  of  1/2-inch 
flakeboard  might  be  supplied  completely 
by  residual  flakes  from  a pallet,  cross- 
tie, post,  and  stud  mill  using  a 9-foot 
shaping- lathe  headrig  operating  three 
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Form  of  wood  entering  mill 

Flakes 

Mill  location  and  annual  and  Chips  and 

capacity  (million  square  feet)  Flakes  chips  roundwood 

(Dollars  per  1,000  square 
feet,  1/2-inch  basis) 


Texas -Louisiana  border 


37.5 

23 

10 

(11) 

75.0 

48 

36 

112.5 

61 

52 

150.0 

64 

57 

Arkansas-Missouri  border 

37.5 

28 

15 

( 3) 

75.0 

53 

44 

112.5 

66 

60 

150.0 

70 

65 

South  Georgia 

37.5 

30 

16 

(11) 

75.0 

56 

41 

112.5 

69 

57 

150.0 

72 

61 

West  Virginia 

37.5 

21 

5 

(19) 

75.0 

43 

27 

112.5 

56 

42 

150.0 

58 

46 

shifts  (see  also:  Howe  and  Koch  1976; 

Koch  1975;  1976;  Koch  and  Caughey  1978). 

Plants  of  all  sizes  could  be  supplied 
with  such  flakes  for  use  in  faces, 
supplemented  with  maxi-chips  to  be  ring- 
flaked  and  used  in  cores.  Alternatively, 
roundwood  could  be  processed  through 
disk  or  drum  flakers  to  yield  face  flakes, 
and  maxi-chips  could  be  ring-flaked  for 
cores . 
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Figure  I . — ToFal  manufacturing  cost  of  l/2-inch  structural  flakeboard  at  a Texas- Lousiana  border  location  related  to  wood 
cost,  plant  capacity,  and  form  of  wood  . A 1976  wood  cost  estimate  is  indicated  by  the  single  data  point  on  each  graph 
line.  The  horizontal  dashed  line  indicates  probable  FOB  mill  price  obtainable  in  primary  and  extended  market  areas  based 
on  average  1977  plywood  prices  (see  tables  4,  5,  and  6)  and  December  1977  rail  freight  rates  Wood  costs  are  for  a mix  of 
60  percent  dense  hardwoods  and  40  percent  soft  hardwoods  or  softwood. 
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Figure  2. — Total  manufacturing  cost  of  l/2-inch  structural  flakeboard  at  an  Arkansas-Missouri  border  location  related  to 
wood  cost,  plant  capacity,  and  form  of  wood . A 1976  wood  cost  estimate  is  indicated  by  the  single  data  point  on  each 
graph  line.  The  horizontal  dashed  line  indicates  probable  FOB  mill  price  obtainable  in  primary  and  extended  market 
areas  based  on  average  1977  plywood  prices  (see  tables  4,  5,  and  6)  and  December  1977  rail  freight  rates.  Wood  costs  are 
for  a mix  of  60  percent  dense  hardwoods  and  40  percent  soft  hardwoods  or  softwood. 
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Figure  3. — Total  manufacfuring  cost  of  l/2-inch  structural  flokeboard  at  a south  Georgia  location  related  to  wood  cost 
plant  capacity,  and  form  of  wood . A 1976  wood  cost  estimate  is  indicated  by  the  single  data  point  on  each  graph  line 
The  horizontal  dashed  line  indicates  probable  FOB  mill  price  obtainable  in  primary  and  extended  market 
areas  based  on  average  1977  plywood  prices  (see  tables  4,  5,  and  6)  and  December  1977  rail  freight  rates.  Wood  costs 
for  a mix  of  60  percent  dense  hardwoods  and  40  percent  soft  hardwoods  or  softwood  . 
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Figure  4. — Total  manufacturing  cost  of  l/2~inch  structural  flakeboard  at  a West  Virginia  location  related  to  wood  cost, 
plant  capacity,  and  form  of  wo^ . A 1976  wood  cost  estimate  is  indicated  by  the  single  data  point  on  each  graph  line. 
The  horizontal  dashed  line  indicates  probable  FOB  mill  price  obtainable  in  primary  and  extended  market  areas  based  on 
average  1977  plywood  prices  (see  tables  4,  5,  and  6)  and  December  1977  rail  freight  rates.  Wood  costs  are  for  a mix  of 
60  percent  dense  hardwoods  and  40  percent  soft  hardwoods  or  softwood. 
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FEASIBILITY  OF  STRUCTURAL  FLAKEBOARD  MANUFACTURE 
VIRGINIA,  MINNESOTA 

Eugene  M.  Carpenter 
Market  Analyst 

North  Central  Forest  Experiment  Station 
USDA  Forest  Service 
Duluth,  Minnesota 


Abstract 

Virginia,  Minnesota, was  chosen  as  a 
potential  flakeboard  plant  site  because  of 
an  abundant  underutilized  aspen  resource  in 
the  area.  Volumes  of  forest  and  plant 
residues  from  harvesting  and  processing 
are  not  large.  Nearly  80  percent  of  timber 
products  output  is  pulpwood,  and  much  of 
the  sawlog  output  comes  from  small  saw- 
timber  trees.  Two  thirds  of  the  7.5  mil- 
lion acres  of  commercial  forest  land  in  a 
six  county  area  surrounding  Virginia  is  in 
public  ownership  and  these  lands  are  the 
main  source  of  supply.  Pulp  chips  are 
delivered  to  area  mills  for  $21.00  to 
$25.50  per  oven  dry  ton,  roundwood  rough 
pulpwood  for  approximately  $18  per  oven 
dry  ton.  The  closest  major  market  area  is 
Minneapolis -St . Paul. 

Introduction 

When  given  the  task  of  assessing  the 
feasibility  of  a structural  flakeboard 
plant  in  the  North  Central  region,  we  chose 
the  location  of  Virginia,  Minnesota 
primarily  because  of  the  underutilized 
aspen  forest  resource  in  the  area. 

Virginia  is  located  approximately  200 
miles  north  of  Minneapo 1 is  - St . Paul  and 
60  miles  northwest  of  Duluth,  where  our 
research  work  unit  is  located.  It  is  in 
the  east  central  part  of  what  is  known  as 
the  18  northern  forested  counties  of  Min- 
nesota, an  area  that  contains  82  percent 
of  the  commercial  forest  land  in  the 
state.  Our  resource  assessment  covers  a 
6-county  area  within  an  approximate  75- 
mile  radius  of  Virginia,  Fig.  1. 

Current  major  wood  use  centers  are 
located  in  International  Falls  on  the 
Canadian  border,  Bemidji,  Grand  Rapids, 
Cloquet,  and  Duluth. 

The  area's  economy  is  based  largely  on 
three  industries:  Taconite,  tourism,  and 

timber.  Virginia  is  in  the  heart  of  the 
famous  Mesabi  Iron  Range,  and  close  to  the 
famous  Boundary  Waters  Canoe  Area  and  the 
recently  created  Voyageurs  National  Park. 
Timbering  peaked  in  Minnesota  in  1899,  and 
in  the  Duluth  area  in  1903.  The  Virginia 
area  probably  experienced  the  waning 
moments  of  big  time  lumbering  in  the  Lake 
States  following  World  War  I.  It  was 
during  this  period  that  extensive  timber 
cutting  and  subsequent  slash  fires  gave 
rise  to  the  large  acreages  of  aspen  now 
reaching  maturity. 


The  area  has  long  been  characterized 
as  having  an  underutilized  forest  re- 
source. And,  while  we  do  not  wish  to 
overlook  the  opportunities  of  using 
forest  residues  in  flakeboard  production, 
we  intend  to  highlight  the  opportunities 
of  the  standing  timber  resource.  In  the 
first  place,  it  is  illogical  to  consider 
rough,  rotten  and  salvable  dead  trees  as 
a material  source  while  overlooking  un- 
used sound  material.  Secondly,  I think 
we  often  consider  that  large  volumes  of 
forest  residues  are  generated  as  a by- 
product of  sawlog  production.  But  in 
our  study  area,  log  product ion -- and  this 
is  mostly  sawlogs  as  we  have  extremely 
limited  veneer  production- - is  not  large, 
accounting  for  slightly  over  15-1/2 
million  cubic  feet  of  harvest  in  1973. 

This  is  contrasted  to  a cut  of  approxi- 
mately 72  million  cubic  feet  of  pulpwood. 

In  addition,  much  of  this  sawlog  volume, 
especially  the  hardwood- - and  the  cut  is 
about  evenly  divided  between  softwood  and 
hardwood- - comes  from  what  would  be  recog- 
nized as  small  sawlog  trees.  Thus,  slash 
is  mostly  relatively  small  tops  and  limbs. 
Nor  do  we  have  large  volumes  of  unused 
primary  plant  residues.  Most  of  the 
larger  sawmills  have  chippers  and  produce 
pulp  chips  from  coarse  mill  residues. 

The  larger  mills  in  the  area  produce  10  to 
25  million  board  feet  annually. 

What  we  do  have  is  an  available  re- 
source of  standing  timber,  primarily 
aspen,  that  is  underutilized  and  needs 
harvesting . 

Availability  of  the  Forest  Resource 

I will  be  using  data  from  the  1962 
forest  survey  of  Minnesota.  A new  survey 
has  recently  been  completed,  but  very 
limited  information  is  as  yet  available. 

In  1962,  we  had  8-1/2  million  acres  of 
unreserved  commercial  forest  land  in  our 
6-county  study  area.  This  has  been  re- 
duced to  slightly  less  than  7-1/2  million 
acres  in  1975,  primarily  because  of  the 
expansion  of  the  no-cut  zone  of  the 
BWCA  and  the  land  placed  in  the  Voyageurs 
National  Park  and  restricted  from  harvest- 

Two-thirds  of  the  area  is  in  public 
ownership,  one-quarter  in  private  owner- 
ship, and  six  and  one-half  percent  is 
owned  by  the  forest  industries,  Table  1., 
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Table  1.  - OWNERSHIP  OF  COMMERCIAL  FOREST  LAND,  1961-62 


County 

Total 

Federal 

State 

County  Industry 

Private 

(Thousand  Acres) 

Aitkin 

850 . 6 

8.5 

295.5 

272.5 

3.0 

271 . 1 

Carlton 

367.0 

8.5 

51.6 

103.5 

10.9 

192.5 

Itasca 

1,411.9 

273.7 

260.1 

403.5 

55.3 

419.0 

Koochiching 

1,575.0 

92.2 

792.2 

292.6 

204.0 

194.0 

Lake 

1,104.0 

513.6 

157.0 

154.0 

126.0 

153.4 

St.  Louis 

3,204.3 

627.6 

430.8 

953.3 

160.1 

1,032.5 

TOTAL 

8,512.8 

1,524.1 

1 ,987.2 

2,179.4 

559.3 

2,262.8 

17.91 

23.3$ 

25.61 

6.6$ 

26.6$ 

Survey  data 
million  cords 

showed  approximately  69 
of  growing  stock  timber 

-3/4 

in 

Cost  of 

Manuf actur in 
Flakeboar 

g Structural 

t 

the  study  area,  in  1962,  Table  2.  About 
44-1/2  percent  of  this  was  softwood,  31- 
1/2  percent  aspen,  and  24  percent  other 
hardwood;  74  percent  was  poletimber  and 
26  percent  sawtimber.  At  that  time,  a 
calculation  called  managed  harvest  esti- 
mated that  it  would  be  desirable  to  har- 
vest about  one  million  cords  each  of  soft- 
wood and  aspen  and  a little  less  than 

400.000  cords  of  other  hardwoods.^  Actual 
harvest  was  about  500,000  cords  of  soft- 
woods, 320,000  cords  of  aspen,  and 

50.000  cords  of  other  hardwoods.  Table  3. 
In  1973,  the  softwood  cut  was  about 

450.000  cords,  aspen  had  increased  by 
about  60  percent  to  615,000  cords  and 
other  hardwoods  doubled  to  112,000  cords. 
Current  growing  stock  volume  information 
is  not  available,  nor  is  a current  esti- 
mate of  managed  harvest. 

Preliminary  data  for  a portion  of  the 
area  indicate  current  growing  stock 
volumes  may  b^e  nearly  equal  to  the  amount 
determined  from  the  1962  survey  in  spite 
of  the  loss  of  commercial  forest  acreage. 
The  increased  size  of  the  vast  amount  of 
poletimber-sized  material  in  the  years 
since  the  1962  survey  could  account  for 
much  of  this.  Thus,  the  resource  could 
support  3to  4 mills  of  the  150  MMSF  size 
from  aspen  without  consideration  for  the 
amount  of  other  hardwoods  or  residue  type 
fiber  resources  in  the  study  area. 


^Managed  Harvest  is  an  area  control 
technique,  and  applies  silvicultural 
guides  showing  rotation  age,  site  index, 
and  a management  objective  to  survey  plot 
data  to  estimate  an  amount  that  could  be 
cut  annually  for  the  next  10  years,  while 
improving  tree  stocking  and  bringing 
about  a more  even  distribution  of  age 
classes . 


Production  costs  for  structural  flake- 
board  in  Virginia,  Minnesota,  are  es- 
timated to  range  from  $136.40  to  $220.33 
per  MSF  - one-half  inch,  excluding  wood 
costs.  These  costs  vary  by  the  size  of 
the  facility  and  the  amount  of  pre- 
processing costs  required  when  utilizing 
rough  roundwood.  For  my  comparison,  I 
have  selected  the  two  larger  production 
capacities  and  a furnish  of  60  percent 
chips,  40  percent  roundwood.  I have 
noted  that  our  expected  furnish  would  be 
aspen  roundwood,  and  the  production  costs 
for  the  chips- -logs  furnish  includes  some 
front-end  cost  for  debarking  and  flaking. 
Production  costs  are:  $148/MSF  1/2- 

inch  in  the  150  MM  annual  capacity  mill 
and  $153/MSF  for  the  112  MM  capacity  mil], 
exclusive  of  wood  costs.  Estimated  cost 
for  rough  wood  delivered  to  the  mill  is 
approximately  $22  per  cord  or  $20  per 
oven  dry  ton  of  wood  (not  including 
drying)  . This  then  yields  a total  produc-- 
tion  cost  of  $172  and  $178/MSF  calculated 
from  the  prediction  equation  developed 
for  the  Virginia,  Minnesota, s ite  for  the 
two  larger  sized  mills. 

Likely  Market  Value  for  Structural 
Flakeboard 

The  structural  sheathing  market 
offers  the  best  opportunity  for  struc- 
tural flakeboard  sales,  and  the  material 
will  have  to  compete  with  plywood  sheath- 
ing in  this  market.  Although  Minneapolis- 
St.  Paul  is  the  closest  major  market, 
Chicago  and  other  midwest  markets  would 
be  needed  to  satisfy  volume  requirements 
for  an  efficient  mill.  I will  use 
Chicago  as  a base  in  the  following 
analysis,  and  because  of  shipping  cost 
differentials,  we  have  a $3/MSF  advan- 
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Table  2.  - VOLUME  OF  GROWING  STOCK  ON  COMMERCIAL  FOREST  LAND 


BY  SPECIES 

AND  SIZE 

CLASS,  1961-62 

Poletimber 

Sawtimber 

County 

Softwood 

Hardwood 

Aspen  Softwood 

Hardwood 

Aspen 

(Thousand  Cords*) 

Aitkin 

853.0 

1,756.7 

1,311.2  349.2 

1,150.6 

121.1 

Carlton 

277.1 

509.2 

376.8  87.0 

149.9 

20.3 

I tasca 

3,058.8 

2,564.8 

4,445.0  1,960.0 

1,029.8 

693.7 

Koochiching 

6,207.7 

1,535.7 

3,261.4  1,878.3 

745.9 

642.0 

Lake 

3,052. 1 

1,857.4 

1,787.0  1,761.1 

436.3 

702.8 

St.  Louis 

7,150.1 

3,894.4 

7,691.5  4,475.6 

941.3 

1,010.8 

TOTAL 

20,598.8 

12,118.2 

18,872.9  10,511.2 

4,453.8 

3,190.7 

*Unpeeled  total  net 
Total 

Poletimber  51,589.9 
Sawtimber  18,155.7 

volume  of  all  merchantable  trees  5.0  inches. 

Other 

Softwood  Hardwood  Aspen 

20,598.8  12,118.2  18,872.9 

10,511.2  4,453.8  3,190.7 

d.b.h. 

TOTAL  69,745.6 

31,110.0 

16,572 

.0  22,063.6 

Conclusions 

It  appears  that  the  aspen  resource  in 
northern  Minnesota  could  support  a 150 
MMSF  1/2-inch  basis  structural  flakeboard 
facility  from  the  standing  growing  stock 
inventory.  A clearer  picture  will  be 
available  very  soon  from  the  recently 
completed  statewide  forest  survey.  A 
small  increase  in  delivered  cost  per 
cord  might  result  from  increased  road 
building  needs  and  harvesting  lower  den- 
sity stands.  This  would  be  moderated  to 
the  extent  that  better  utilization  or 
use  of  residues  might  increase  supply. 

Plant  sites  in  the  study  area  on  the 
Burlington  Northern  railroad  allow  one- 
line  hauls  to  a large  midwest  area.  A 
more  competitive  situation  might  result 
if  increased  shipping  volume  would  allow 
reduced  commodity  rail  rates.  Cur- 
rently, truck  rates  are  lower  to  the 
Minneapolis  market  area. 

Table  3.  - GROWING  STOCK  VOLUME,  ESTIMATED  ANNUAL  MANAGED  HARVEST  AND  ACTUAL 

REMOVALS  FROM  GROWING  STOCK,  1960-62 

Other 


Sof  twood 

Hardwood 

Aspen 

Total 

(Thousand 

Cords) 

Volume  of  Growing  Stock 

31,110.0 

16,572.0 

22  ,063.6 

69,745.6 

Managed  Harvest 

1,031.6 

383.0 

1,028.7 

2,443.3 

Cut  from  Growing  Stock 

494.9 

49.9 

316.7 

861.5 

tage  in  Minneapolis -St . Paul.  With  spot 
market  prices  of  $180,  $200,  or  $220 
f.o.b.  mill  for  western  1/2-inch  plywood 
per  MSF  we  estimated  delivered  prices  to 
Chicago  distributors  of  $202,  $220,  and 
$238  when  adjusted  for  standard  industry 
discounts  and  transportation  costs.  Ship- 
ping costs  from  Virginia  to  Chicago  are 
estimated  to  be  $17/MSF  for  1/2-inch 
structural  flakeboard.  The  discounted 
f.o.b.  mill  value  would  then  be  com- 
petitive in  Chicago  at  or  below  a price 
of  $185,  $203,  or  $221  per  MSF.  With 
production  costs  of  $172  or  $178  per  MSF, 
production  from  both  mill  sizes  appear 
competitive  in  Chicago,  even  when  spot 
prices  for  Western  plywood  are  in  the 
$180  range.  Fig.  2. 
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PRODUCTION  COST  ($/MSF-1/2'  I PRODUCTION  COST  ($/MSF -l/2"l 


150.0  MMSF  l/2  'PER  YEAR 
8 x24'  16  OPENING  PRESS 


112.5  MMSF  1/2"  PER  YEAR 
4 x24'  24  OPENING  PRESS 


Figure  2.  Production  costs,  including  taxes  and  profit  (15%  IRR) 
and  estimated  F.O.B.  mill  market  value  for  structural  flakeboard 
in  Virginia,  Minnesota  with  40%  logs  60%  chips  furnish. 
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Abstract 

Opportunities  for  production  of  structural 
flakeboard  In  Vermont  exist  both  in  the  supply  of 
raw  material  and  marketing  of  the  final  product. 

An  analysis  of  economic  impact  of  such  factors  as 
raw  material  supply,  plant  size,  and  product  mar- 
ket price  indicate  feasibility  at  existing  factor 
input  costs  and  product  prices.  The  analysis  also 
revealed  profitability  to  be  highly  sensitive  to 
raw  material  cost  and  final  product  price.  Price 
increases  from  increased  competition  for  wood  re- 
source for  energy  generation  or  paper  products 
could  cause  significant  increases  in  final  product 
price.  Market  acceptance  is  strongly  predicated 
on  a competitive  price  line  with  1/2-inch  CDX  ply- 
wood. 

Introduction 

Forests  are  a flexible  resource.  Technology 
exists  to  convert  forest  resources  from  any  given 
location  to  a multiplicity  of  products;  recreation, 
water,  wildlife,  forage,  direct  energy  (boiler 
fuel),  indirect  fuels  (gas),  primary  products 
(poles,  pilings,  lumber,  timbers,  veneer),  secon- 
dary products  (pallets,  furniture,  pulp  and  paper, 
chemicals),  and  tertiary  products  (plastics,  foods, 
fertilizers).  The  primary  concern  regarding  ‘ise  is 
economics,  and  more  so  a question  of  what  use, 
rather  than  is  it  feasible.  That  is,  the  land 
manager  must  determine  the  maximum  economic  advan- 
tage of  a particular  wood  resource  given  its  alter- 
native uses. 

Past  technology  and  supply  and  demand  relation- 
ships have  limited  lower  quality  forest  resource  to 
lower  value  market  products.  Management  philosophy 
has  countered  by  emphasizing  more  intense  manage- 
ment to  develop  veneer  logs  and  high  quality  saw 
logs.  In  part,  this  has  resulted  in  higher  prices 
and  consumption  shifts  to  competitive  materials. 

To  counter,  technology  has  been  developed  to  turn 
low  quality  forest  resource  into  higher  quality 
products.  Examples  are:  plywood,  laminated  beams, 

laminated  ties,  press  board,  and  structural  flake- 
board. 

Structural  flakeboard  can  be  produced  from  low 
quality  hardwood  and  softwood  resources  which  have 
limited  marketability  as  either  fuel  wood  or  pulp- 
wood  (Fig.  1).  New  harvesting  and  processing  tech- 
nology, such  as  mechanized  harvesters  and  shaping- 
lathe  headrigs,  provide  the  capability  for 
increasing  economic  return  from  these  otherwise 
non-marketable  forest  resource  (1). 

Structural  Flakeboard  Manufacture  in  Vermont 

An  evaluation  of  Vermont  as  a feasible  loca- 
tion for  a 150  mm  square  foot/year  plant  reveals 
that  both  present  supply  and  market  factors  will 
support  the  venture.  The  analysis  also  identifies 
manufacturing  costs  to  be  sensitive  to  plant  size 
and  cost  of  raw  material.  The  latter  factor  is 
critical  in  Vermont  due  to  proposed  plans  for 


pelletized  fuel  production  and  power  generation 
from  wood. 

Market  evaluations  revealed  that  projected  new 
home  and  business  construction  and  renovations 
afford  potential  for  regional  plant  expansion. 
Further,  structural  flakeboard  produced  in  Vermont, 
New  Hampshire,  or  Maine  may  have  location  prefer- 
ence to  regional  buyers,  as  contrasted  with  present 
plywood  suppliers  in  Canada,  the  South,  and  the 
West  Coast.  However,  critical  elements  of  the 
construction  market  are  product  allegiance  and 
strong  price  competition.  Market  acceptance  of 
1/2-inch  structural  flakeboard  over  1/2-inch  CDX 
plywood  will  require  education,  and  lower  pricing 
to  permit  market  penetration. 

Figure  2 illustrates  the  economic  factors  neces- 
sary for  effective  structural  flakeboard  manufac- 
ture in  Vermont.  The  success  of  such  a venture 
relies  heavily  on  a readily  available  supply  of 
raw  material  and  a regional  market  with  demon- 
strated capability  of  supporting  a suitable  market 
price.  A closer  look  at  raw  material  supply, 
harvesting  costs,  product  price,  and  their  influ- 
ence on  profitability  will  illustrate  these 
findings . 

Raw  Material  Supply 

It  is  estimated  that  approximately  40  billion 
cubic  feet  of  growing  stock  exist  in  all  six  New 
England  states.  Of  this,  22  billion  cubic  feet  are 
softwood  and  18  billion  cubic  feet  are  hardwood 
(Table  1).  Further,  the  regional  growth-harvest 
relationships  that  have  existed  over  the  last  two 
decades  appear  to  be  in  favor  of  increased  supply 
(2). 

Vermont  has  4.7  billion  cubic  feet  of  growing 
stock  increasing  at  a rate  of  2.3  percent  annually 
(2) . The  forests  have  reflected  changing  agricul- 
ture cycles  over  time.  The  vast  forests  of  the 
18th  Century  were  all  but  erased  by  the  mid-to-late 
19th  Century  due  to  growth  in  both  the  wood 
products  and  agriculture  industries.  Vast  acreages 
were  cleared,  leaving  only  30  percent  of  the  area 
forested  by  1870  (3).  The  early  20th  Century 
brought  competition  from  Midwest  agriculture  and 
the  number  of  farms  declined.  Rapid  expansion  of 
succession  forest  types  has  resulted  in  the  present 
large  forest  acreage,  amounting  to  80  percent  of 
the  total  land  mass. 


Table  1.  — NET  VOLUME  OF  TIMBER  ON  COMMERCIAL 
FOREST  LAND  IN  NEW  ENGLAND.^ 


Species 

group 

Source 

Growing-stock 

trees 

Cull 

trees 

Total 

Softwoods 

20.2 

2.0 

22.2 

Hardwoods 

15.0 

3.2 

18.2 

To  tal 

35.2 

5.2 

40.4 

Reference:  James  T.  Bones.  1976.  Potential 
sources  of  wood  fiber  in  the  Northeast.  For. 
Products  J.  26(2):30-32. 
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Today,  Vermont's  inventory  of  hardwoods  comprise 
60  percent  of  total  growing  stock.  Species  compo- 
sition is  predominantly  hard  maple,  yellow  birch, 
soft  maple,  and  beech.  Softwood  species  repre- 
sented are  primarily  red  and  white  pine,  balsam  fir, 
spruce,  and  hemlock  (Table  2). 

Commercial  forest  land  totals  ^.4  million  acres 
or  75  percent  of  the  state's  land  area  (4).  Ninety 
percent  of  the  commercial  forests  are  owned  by  over 
77,000  different  private  owners,  split  between 
individuals  (73,900),  clubs  and  organizations 
(2,700),  and  corporations  (700). 

Quality 

The  quality  of  Vermont's  forests  reflect  poor 
cutting  practices  and  lack  of  effective  management. 
Much  of  the  forests  are  stocked  with  smaller  pole 
size  timber  (Table  2).  Further,  quality  appears 
to  be  decreasing  over  time  in  most  species  groups 
(^). 

Quality  is  the  strongest  drawback  when  assessing 
Vermont's  forests  for  traditional  product  markets. 
Much  of  the  hardwood  resource  is  of  a quality  that 
has  limited  potential  for  high  quality  lumber  or 
veneer  markets.  This  poses  a critical  question 
concerning  future  management.  Needed  intensive 
management  to  upgrade  the  quality  of  the  resource 
cannot  be  properly  implemented  without  treatment  of 
lower  quality  material  presently  on  the  site.  This 
can  be  accomplished  either  through  public  program- 
ing such  as  the  forest  improvement  program  (fip), 
or  creating  new  markets  such  as  structural  flake- 
board.  pulp,  or  energy. 

Owner  ,‘\ttitudes 

Surveys  of  Vermont  and  New  Hampshire  timberland 
owners  indicate  that  people  who  sell  timber 
generally  do  so  for  businesslike  reasons  (5).  That 
is,  product  maturity,  finances,  and  business 
planning  strongly  relate  to  sales.  People  who  do 
not  sell  do  so  for  personal  reasons,  such  as 


claiming  that  attractive  vistas  would  be  spoiled. 

The  Vermont  survey  also  Indicated  that  88  percent 
of  privately  owned  commercial  forest  land  is  owned 
by  people  who  could  harvest  their  timber  (5).  This 
totals  to  3,517,300  acres  or  3.8  billion  cubic  feet 
of  inventory  and  84.8  million  cubic  feet  of  annual 
net  growth  statewide.  Further,  the  study  revealed 
that  approximately  11,000  owners  (14  percent)  would 
harvest  some  acreage  within  the  next  10  years. 

A 150  MM  square  foot  structural  flakeboard  plant 
requires  159,750  OD  tons  annually,  or  9.7  MM  cubic 
feet  of  oven  dry  equivalent  resource.  The  above 
estimates  would  indicate  that  plant  needs  could  be 
supplied  from  current  growth  with  sufficient 
resource  for  a present  annual  cut'  of  47  MM  cubic 
feet.  This  is  further  supported  by  Table  3 which 
demonstrates  that  growth  alone  would  exceed  expected 
cuts  plus  input  to  5 structural  flakeboard  plants. 

In  general,  central  Vermont  affords  the  least 
supply  constraints  and  minimum  competition  from  pulp 
companies  in  New  York,  Canada,  and  New  Hampshire- 
The  reduced  competition  should  minimize  raw  material 
and  hauling  costs  and  still  provide  direct  access 
to  coast  markets  in  New  York  and  Boston. 


Harvesting  Costs 

The  primary  harvest  method  used  in  Vermont  is  the 
chainsaw-skidder  system.  During  peak  production 
periods  over  300  logging  contractors  are  operating 
statewide.  The  typical  contractor  operates  one 
skidder  and  two  cutters.  Production  ranges  from  20 
to  40  MBF  (40  to  80  cords)  per  week  with  an  average 
of  28  MBF  (56  cords).  In  a pulpwood  clearcut  only 
iialf  the  above  ground  volumes  are  removed  for  sale. 

A mechanized  harvesting  system  generally  harvests 
the  above  ground  portion  of  the  tree,  which  encom- 
passes approximately  75  percent  of  total  above 
ground  volume.  The  number  of  these  machines  in 
Vermont  presently  varies  between  three  and  five. 

Tlie  system  uses  a mechanical  shearer,  forwarder,  and 
chipper.  Capital  outlay  for  a complete  system  can 


Table  2.  — VOLUME  OF  GROWING  STOCK  ON  VERMONT'S  COMMERCIAL  FOREST  LAND. 


Unit  and 
county 

Forest-land  area 

Percent 

Commercial  of  total 

land  area 

Sawtimber 

growing 

stock 

Pole  timber 
growing 
stock 

Total 

growing 

stock 

Growing  stock 
per  acre 

Caledonia 

Essex 

Franklin 

Grand  Isle 

Lamoille 

Orange 

Orleans 

Washington 

Thousand 

acres 

Millions  of  cubic  feet 

Cubic  feet 

291.3 

396.1 

236.9 

251.2 

335.9 
339.0 

361.3 

74 

93 

56 

83 

76 

74 

80 

150.6 

241.1 
89.0 

146.1 
172.8 

181.6 
202.0 

151.7 
238.9 

101.8 

146.5 

179.6 
183.5 
202.8 

302.3 

480.0 

190.8 

292.6 

352.4 

365.1 

404.8 

1.037.7 

1.211.8 
805.4 

1.164.8 
1,049.2 

1.076.9 
1,120.4 

Northern  Unit 

2,211.7 

75 

1,183.2 

1,204.8 

2,388.0 

1,079.7 

Addison 

285.8 

57 

143.6 

132.9 

276.5 

967.4 

Bennington 

370.7 

86 

206.3 

193.6 

399.9 

1,078.7 

Chittenden 

195.7 

57 

94.5 

94.5 

189.0 

965.7 

Rutland 

444.9 

75 

237.1 

225.7 

462.8 

1,040.2 

Windham 

428.5 

85 

242.2 

231.1 

473.  ] 

1,104.5 

Windsor 

492.6 

80 

279.1 

261.6 

540.7 

1,097.6 

Southern  Unit 

2,218.2 

74 

1,202.8 

1,139.4 

2,342.2 

1,055.9 

Total 

4,429.9 

75 

2,386.0 

2,344.2 

4,730.2 

1,067.8 
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vary  between  $250  M and  $500  M.  Such  a system  can 
harvest  5 acres  a day.  Yields  with  mechanized 
harvesters  in  Vermont  average  35  to  45  cords  per 
acre  with  cruise  estimates  ranging  between  20  and 
25  cords  per  acre  (3). 

Environmental  attitudes  and  capital  availability 
will  slow  transfers  to  mechanized  total  tree  har- 
vest systems  in  Vermont.  Therefore,  expected  wood 
harvest  costs  for  input  to  a flakeboard  plant  must 
represent  both  conventional  and  mechanized  system 
costs.  Tonnage  yield  per  acre  and  harvest  costs 
predicated  on  a 40  percent  round  wood  and  60  chips 
harvest  system  appear  realistic  for  a plant  being 
established  today. 

Table  3 . —PROJECTIONS  OF  NET  ANNUAL  GROWTH, 

TIMBER  REMOVAL,  AND  INVENTORY  OF  GROWING  STOCK 
AND  SAWTIMBER  ON  COMMERCIAL  FOREST  LAND 
IN  VERMONT,  1973  to  2003. ^ ^ 


1973 

1983 

1993 

2003 

(Inventory 

year) 

Growing  stock 

— Million  cubic  feet — 

Removals 

47.8 

68 

97 

127 

Growth 

106.6 

122 

139 

154 

Inventory 

4,730.2 

5,189 

5,673 

6,020 

^Kingsley,  Neal  P.  1977.  The  forest  resources  of 
Vermont.  U.  S.  Dep.  Agric.  For.  Serv.  Resour. 
Bull.  NE-46. 


Assumptions:  commercial  forest  land  will  begin 

slow  decrease  after  1980;  net  annual  growth  as  a 
percent  of  inventory  is  expected  to  increase  from 
2.3  to  2.6  percent;  timber  removals  will  reflect 
expected  timber-product  demands  and  land-use 
changes . 

Costs  of  raw  material  for  a structural  flake- 
board  plant  will  closely  approximate  current  stum- 
page,  harvest,  and  transfer  costs  for  pulpwood. 
Pulpwood  is  the  second  major  product  harvested  in 
Vermont,  with  over  140,000  cords  marketed  annually 
(Table  4)  . 

As  previously  notea,  a central  Vermont  plant 
location  would  minimize  competition  with  pulp  com- 
panies in  New  Hampshire,  Vermont,  and  Canada.  U.  S 
Forest  Service  projections  indicate  a gradual  rise 
in  demand  for  pulpwood  in  Vermont,  but  mostly  in 
present  high  demand  areas  (4)  . 

Although  studies  have  not  been  completed  to  fully 
access  the  comparative  economics  of  conventional 
and  mechanized  harvest  costs  in  Vermont,  reliable 
estimates  by  professional  foresters  and  industry 
personnel  are  available. 

The  total  cost  of  a cord  of  wood  f.o.b.  the  mill 
site  are  estimated  in  Table  5 at  $21.30  from  a con- 
ventional system  and  $19.45  from  a mechanized 
system.  The  labor  costs  of  limbing  and  bucking  are 
iDt necessary  with  the  mechanized  system  and  are 
shown  to  be  zero.  However,  with  hardwood,  to  gain 
maximum  recovery  and  productivity  per  hour,  a cost 
may  be  necessary  to  collapse  the  extreme  branching 
in  maple  and  birch.  Estimated  costs  of  screened 
chips  f.o.b.  plant  site  on  an  ODT  basis  are  $21.33 
and  $18 . 82,  respectively . 


Product  Markets  and  Pricing 

The  Northeast  has  one  of  the  largest  building 
and  renovation  markets  in  the  United  States. 
Structural  flakeboard  would  find  extensive  use  in 
general  construction  for  sheathing  and  underlayment 
and  as  decorative  paneling,  either  exterior  or 
interior.  The  sheathing  market  is  now  held  pri- 
marily by  CDX  grade  1/2-inch  plywood. 

Plywood  marketed  in  New  England  is  shipped  pri- 
marily from  southern  pine  and  western  fir  mills. 

New  England  based  flakeboard  plants  would  have  to 
price  below  the  current  $250  to  $270/M  sq.ft.^ 
price  of  1/2-inch  plywood  to  be  competitive.  In 
the  current  market,  plywood  prices  reflect  transfer 
costs  of  $20  to  $30  from  southern  pine  plants  and 
$35  to  $45  from  v/estern  fir  plants. 

Market  penetration  pricing  10  to  15  percent 
below  1/2-inch  agency  grade  CDX  4-5  ply  plywood 
should  gain  product  acceptance  by  building  contrac- 
tors. Pricing  in  the  $220  to  $230/M  sq.ft,  range 
f.o.b.  New  York  and  Boston  markets  would  permit 
broker's  fees  and  transfer  costs  of  $10  to  $20/M 
sq.ft,  and  a manufacturing  cost  of  $200  to  $210. 

Production  Costs  and  Profitability 

The  costs  of  manufacturing  sheathing  material  is 
strongly  related  to  variable  input  costs  for  wood, 
resin,  and  fuel.  As  related  in  Figure  2,  these 
account  for  over  60  percent  of  total  costs.  Wood 
feedstock,  at  15  percent  of  total  costs,  was  found 
to  severely  impact  plant  profitability  at  prices 
above  $27/0DT.  Figure  4 relates  the  effect  of 
rising  wood  costs  on  total  costs  and  firm  profits. 

A $14  rise  per  ODT  all  but  erases  profit  taking  at 
a market  price  of  $200/M  sq.ft.  This  demonstrates 
the  critical  aspect  of  necessary  cost  control  in 
harvesting  and  transfer  of  round  wood  and  chip 
inputs . 

Anticipated  marketability  of  structural  flake- 
board in  New  York  and  Boston  markets  would  be  com- 
petitive at  85  percent  of  the  market  price  ($260) 
for  agency  grade  CD.X  1/2-inch  plywood.  A price 
below  $200/M  sq.ft,  would  not  yield  sufficient 
profit  taking,  whereas  a price  approaching  $260 
would  probably  limit  builder  and  consumer  acceptance 

Market  price  received  impacts  NPW  of  the  plant 
investment.  At  prices  below  $200/M  sq.ft,  the 
investment  of  $22.4  MM  would  not  yield  a 15  percent 
ROI  (after  tax)  (Fig.  4).  However,  at  $220/M  sq.ft, 
and  above,  the  investment  yielded  high  net  present 
worth.  Further,  these  present  values  remained  posi- 
tive at  wood  costs  exceeding  $30/ODT. 

Investment  payback  period  is  significantly  re- 
duced at  higher  market  price  (Fig.  5).  In  general, 
payback  period  is  reduced  by  40  percent  or  more 
when  moving  from  a market  price  of  $180/M  sq.ft,  to 
$260/M  sq.ft.  Wood  cost  had  little  effect  on  pay- 
back, regardless  of  price  level.  In  general,  less 
than  a year  difference  occurred  over  the  range  of 
wood  costs. 


Point  pricing  estimates.  Based  on  prices  from 
wholesale  shippers  in  Vermont,  New  York,  and  Con- 
necticut (Feb.  to  Mar.,  1978). 
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Table  4.  — TIMBER  REMOVALS  FROM  GROWING  STOCK  AND  SAWTIMBER  ON  COMMERCIAL  FOREST  LAND, 
BY  ITEMS,  SOFTWOODS  AND  HARDWOODS,  VERMONT,  1972.1 


Growing  stock 

Sawtimber 

Item 

All 

Soft- 

Hard- 

All 

Soft- 

Hard 

species 

woods 

woods 

species 

woods 

woods 

-Thousand  cubic  feet 

2 

Thousand  board  feet  — 

Roundwood 

products : 

Sawlogs 

17,811 

7,425 

10,386 

87,882 

35,689 

52,193 

Veneer  logs 

and  bolts 

1,055 

— 

1,055 

4,711 

— 

4,711 

Pulpwood 

9,604 

4,535 

5,069 

34,372 

15,374 

18,998 

Piling 

54 

48 

6 

265 

234 

31 

Poles 

5 

5 

— 

12 

12 

— 

Posts 

382 

316 

66 

1,023 

858 

165 

Other 

2,575 

689 

1,886 

6,538 

1,869 

4,669 

Fuel  wood 

1,388 

— 

1,388 

1,243 

— 

1,242 

All  products 

32,874 

13,018 

19,856 

136,046 

54,036 

82,010 

Logging  residues 

8,189 

2,689 

5,500 

15,608 

4,498 

11,110 

Other  removals 

6,895 

2,943 

3,952 

13,142 

4,866 

8,276 

Total  removals 

47,958 

18,650 

29,308 

164,796 

63,400 

101,396 

^Kingsley,  Neal  P. 

1977.  The  : 

forest  resources  of 

Vermont.  U. 

S.  Dep . Agric. 

For.  Serv.  Resour 

Bull.  NE-46. 

2 

International  1/4- 

inch  rule. 

Table  5.  — COMPARATIVE  COST 

ESTIMATES  OF  CONVENTIONAL  AND  MECHANIZED  SYSTEMS. 

Cost 

elements 

Systems 

Conventional^ 

2 

Mechanized 

Stumpage 

$ 3.30 

$ 2.50 

Felling 

1.10 

1.65 

Limbing  and  topping 

2.20 

-0- 

Bucking 

3.30 

-0- 

Skidding 

4.40 

4.95 

Chipping 

-0- 

3.95 

Transport 

7.00 

6.40 

Delivered  cost  ^ 

21.30 

19.45 

Bark  and  wood  loss 

3.83 

3.50 

Debarking,  chipping,  screening 

4.73 

3.40 

Total  cost  screened  chips — cord  basis 

29.86 

26.35 

Oven  dry  ton  basis 

21.33 

18.82 

Chainsaw  felling,  rubber  tire  or  track  vehicle  skidding. 


Mechanized  shearing,  rubber  tire  forwarders,  mobile  chipper. 
Estimated  at  18  percent  of  delivered  cost  (3) . 
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Figure  1. — Extensive  forest  areas  in  Vermont  and  New  England  are 
overstocked  with  small  undesirable  species  of  limited 
marketability . 
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Figure  2. — Economic  inputs  and  returns  from  the  structural 
flakeboard  manufacturing  process. 
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Figure  3. — Effects  of  raw  material  cost  on  total  manufacture  costs  of 
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Figure  4. — Effect  of  raw  material  cost  and  product  price  on  profitability  of 
150  MM  square  foot  flakeboard  plant. 
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Figure  5. — Effect  of  raw  material  cost  and  product  price  on  payback  period. 
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Public  and  private  groups  are  in- 
creasingly interested  in  the  feasibility 
of  producing  both  particleboard  and 
structural  flakeboard  in  the  central 
Rocky  Mountain  region.  Unused  wood  raw 
materials  in  the  area  include  standing 
and  down  salvable  dead  trees,  other  small 
and  unmerchantable  roundwood,  logging 
residues,  and  processing  plant  residues. 
Flakeboard  production,  probably  the  most 
compatible  with  existing  forest  in- 
dustries in  the  central  Rocky  Mountains 
of  any  new  forest-based  industry,  could 
provide  outlets  for  roundwood  that  should 
be  harvested  to  improve  management  of 
the  area's  forests.  Use  of  unutilized 
wood  resources  would  also  enhance  the 
area's  general  economic  conditions. 

The  problem  studied  was  whether  a 
Laramie  producer  could  derive  sufficient 
advantage  from  his  geographic  location, 
available  raw  materials,  production  tech- 
niques, or  production  costs  to  compete 
in  the  flakeboard  industry  under  existing 
or  foreseeable  conditions.  Estimates  of 
production  costs,  likely  selling  prices, 
and  investment  feasibility  were  developed 
for  four  hypothetical  plants  at  Laramie. 


Laramie  was  subjectively  judged  to  be 
one  of  the  most  favorable  sites  in  the 
area  because  there  is  a greater 
availability  of  forest  and  mill  residues 
compared  with  other  sites  in  the  area. 

The  City  is  also  located  on  major  trans- 
portation routes.  Both  the  mainline  of 
the  Union  Pacific  Railroad  and  Interstate 


Highway  80  pass  through  Laramie,  which 
would  facilitate  transportation  of  both 
raw  materials  to  the  manufacturing  plant 
and  the  finished  product  to  the  market. 

The  necessary  professional  and  skilled 
workers  could  be  attracted  to  Laramie 
because  of  well  developed  commercial, 
educational,  cultural,  and  medical 
facilities  and  superior  outdoor  recrea- 
tional opportunities  for  hunting,  fishing, 
skiing,  and  hiking.  Many  people  would 
consider  Laramie  a desirable  place  to 
live. 

Availability  of  Wood  Raw  Materials 

The  types  of  wood  raw  material 
available  are  critical  for  flakeboard 
manufacture.  Coarse  sawmill  residues, 
forest  residues  and  small  roundwood  from 
either  multiproduct  sales  or  designated 
small  roundwood  sales  are  important 
because  of  different  costs  associated  with 
each,  and  the  available  volume.  The 
coarse  sawmill  residues  are  slabs, 
edgings,  and  trim  from  the  live  sawlogs. 
The  forest  residues  are  salvable  standing 
and  down  dead  material  including 
mortality  and  logging  residues.  The  small 
roundwood  from  multiproduct  sales  is  that 
harvested  in  combination  with  sawlogs. 

Such  roundwood  on  National  Forest  lands 
would  come  mostly  from  the  Standard  and 
Special  components.^  Small  roundwood  from 
designated  small  roundwood  sales  would 
come  primarily  from  the  Marginal  component 
of  National  Forests.^  The  small  roundwood 
on  other  ownerships  would  be  found  on  land 
types  similar  to  that  of  the  National 
Forests.  Considering  these  sources,  the 


^Standard  component  --  The  component 
of  the  regulated  forest  land  suitable  and 
available  for  timber  production  on  which 
crops  of  industrial  wood  can  be  grown  and 
harvested  with  adequate  protection  of  the 
forest  resources  under  the  usual  provi- 
sions of  the  timber  sale  contract. 

Special  component  --  That  part  of  the 
regulated  forest  land  suitable  and 
available  for  timber  production  which  is 
recognized  in  the  Multiple  Use  Plan  as 
needing  specially  designed  silvicultural 
treatment  of  the  timber  resource  to 
achieve  landscape  or  other  key  resource 
ob j ectives . 

Marginal  component  --  A component  of 
forest  land  suitable  for  regulated  timber 
production  but  not  currently  available 
because  of  constraints  from  associated 
resource  needs,  high  development  costs  and 
low  product  values , or  absence  of  market 
for  the  species  or  product  available. 
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estimated  volumes  of  residues  and  round- 
wood  tributary  to  Laramie  that  are  poten- 
tially usable  for  flakeboard  are  as 
follows : 


Material 

Thousand 

cubic 

feet 

Thousand 
oven  dry 
tons 

Existing  forest 
res idues^ 

Standing  dead 

37,620 

446 

Down  dead 

217,282 

2,575 

Total  dead 

254,902 

3,021 

sawmill  residues.  However,  as  shown 
later  in  this  report,  economics  favor  this 
priority:  1)  coarse  sawmill  residues, 

2)  small  roundwood  in  multiproduct  sales, 

3)  forest  residues  from  multiproduct  sales, 
and  4)  small  roundwood  from  designated 
small  roundwood  sales. 

Flakeboard  performance  may  vary  de- 
pending upon  the  size,  shape,  and  surface 
quality  of  the  flakes.  Flakes  produced 
from  drier  dead  material  in  some  cases  may 
not  be  as  uniform  as  those  from  living 
material.  Consequently,  the  performance 
of  flakeboard  made  with  live  and  dead 
materials  may  vary  depending  upon  the  mix. 


Logging  residues 


per  year"^ 

1,670 

20 

Additional^mortality 
per  year"^ 

10,427 

124 

Coarse  sawmill  residue 
per  year^ 

4,219 

50 

Small  roundwood  per 
year^ ,5,6 

12,940 

153 

The  volume  of  coarse  sawmill  residues 
is  based  on  the  production  of  sawmills 
in  the  area.  The  volume  of  small  round- 
wood  was  determined  from  potential  yields 
of  the  Medicine  Bow,  Routt,  and  Roosevelt 
National  Forests.  Data  on  potential 
yields  of  materials  from  state,  county, 
and  private  lands  were  not  available, 
but  volumes  from  these  sources  would  be 
significant  and  could  provide  an  addi- 
tional supply  ''cushion”. 

An  environmentally  desirable  mode  of 
operation  for  a particleboard  plant  at 
Laramie  would  be  to  utilize  wood  raw 
materials  in  the  following  order  of 
priority:  1)  forest  residues  removed  with 

live  sawtimber,  2)  small  roundwood  thin- 
nings removed  either  with  sawtimber  in 
multiproduct  sales  or  alone  in  designated 
small  roundwood  sales,  and  3)  coarse 


2 3 

Calculated  on  the  basis  of  1 ft  = 

23.7  oven  dry  pounds. 


The  supply  of  materials  available  to 
a Laramie  flakeboard  plant  was  projected 
on  the  basis  of  sawmill  production  in  the 
tributary  area.  Live  sawtimber,  live 
small  roundwood,  and  forest  residues  could 
be  harvested  together  in  multiproduct 
sales  and  skidded,  loaded,  and  hauled  in 
tree  lengths  to  the  sawmill  and  bucked 
there  for  maximum  product  recovery.  Small 
roundwood,  forest  residues  not  suitable 
for  sawlogs,  and  tops  from  sawtimber  would 
be  chipped  into  2-  to  3-inch  length 
chips.  These  chips,  together  with  those 
from  the  coarse  sawmill  residues,  would 
be  shipped  to  the  flakeboard  plant  in 
chip  vans. 

The  estimated  annual  volumes  of  wood 
raw  materials  available  for  flakeboard 
based  on  average  sawmill  production  from 
multiproduct  sales  would  be  as  follows: 


Material 

Thousand 
cubic  feet 

Oven  dry 
tons 

Forest  residues 

Call  types) 

3,485 

41,290 

Small  roundwood 

2,954 

35,040 

Coarse  sawmill 

res idues 

4,253 

50,440 

An  additional  90  thousand  oven  dry 
tons  of  material  from  designated  small 
roundwood  sales  from  the  Marginal  compon- 
ent of  the  National  Forests  would  also 
be  available  annual ly . ^ ^ ^ 


Anderson,  T.  et  al.  1975.  Availa- 
bility of  wood  raw  materials  at  selected 
Rocky  Mountain  locations.  Unpublished 
report  of  a cooperative  study  made  by 
Colorado  State  University  and  the  Rocky 
Mountain  Forest  and  Range  Experiment 
Station,  Fort  Collins,  Colo. 

"^USDA  Forest  Service.  1975.  Timber 
Management  Plan.  Medicine  Bow  National 
Forest,  Laramie,  Wyo. 

^USDA  Forest  Service.  1975.  Timber 
Management  Plan.  Routt  National  Forest, 
Steamboat  Springs,  Colo. 


The  gross  volume  of  forest  residues, 
all  types,  was  assumed  to  be  800  cubic 
feet  per  acre.  It  was  further  assumed 
that  half  of  this  volume  would  be  sawed 
into  lumber  and  the  other  half  chipped  at 
the  sawmill.  Only  75%  of  the  gross  log 
volume  was  assumed  to  be  suitable  for 
lumber  and  flakeboard  chips  combined. 
Similarly,  only  75%  of  the  coarse  residues 


USDA  Forest  Service.  1975.  Timber 
Management  Plan.  Roosevelt  National 
Forest  Extension,  Fort  Collins,  Colo. 
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volume  from  sawed  material  was  assumed  to 
be  suitable  for  chips.  The  cubic  volume 
recovery  of  chips  suitable  for  flakeboard 
production  from  roundwood  was  assumed  to 
be  100  percent.  The  volume  of  small 
roundwood  removed  with  sawlogs  from 
multiproduct  sales  was  considered  to  be 
in  the  same  proportion  as  the  volume  of 
small  roundwood  to  sawtimber  shown  in 
potential  yield  statements  for  the 
Standard  and  Special  components  of  the 
Medicine  Bow,  Routt,  and  Roosevelt 
National  Forests . 4 , 5 , 6 

Delivered  Wood  Costs 

The  delivered  wood  costs  include  all 
costs  incurred  in  delivering  woodchips 
to  the  plant  site  at  Laramie.  Costs  were 
developed  separately  for  forest  residues, 
small  roundwood  in  multiproduct  sales  and 
designated  small  roundwood  sales,  and  for 
coarse  sawmill  residues  (Table  1).  Most 
of  the  costs  were  derived  from  Forest 
Service  timber  appraisal  guides  for  the 
area.  The  cost  of  hauling  chips  from 
sawmills  to  the  flakeboard  plant  were 
derived  from  a hauling  cost  equation 
developed  by  Withycombe  (1).  These 
derived  costs  were  then  adjusted  for 
inflation . 

Forest  Residues 

Forest  residues  were  assumed  to  carry 
the  same  costs  for  felling  and  bucking, 
skidding,  loading,  overhead,  and  hauling 
as  live  sawtimber.  Road  costs,  including 
maintenance,  slash  disposal,  erosion 
control,  and  temporary  development  were 
assigned  only  to  live  sawtimber.  On  this 
basis,  the  total  cost  of  forest  residues 
delivered  to  the  sawmill  was  $56.06  per 
thousand  board  feet  (MBF) . The  cost  of 
chips  delivered  to  the  flakeboard  plant 
was  $44.11  per  oven  dry  ton,  assuming 
that  1.5  oven  dry  tons  of  chips  are  pro- 
duced from  each  MBF  of  timber  directly 
chipped  and  that  .35  oven  dry  ton  of 
chips  is  produced  from  coarse  sawmill 
residues  for  each  MBF  sawed  into  lumber. 
The  debarking  and  chipping  cost  was 
estimated  to  be  $14.00  per  MBF,  and  the 
f.o.b.  mill  market  value  of  chips 
produced  from  coarse  sawmill  residues  was 
the  same  as  for  chips  from  live  saw- 
timber- -$  7 . 50  per  oven  dry  ton.  Moisture 
content  of  chips  made  from  partially  dry 
residues  was  assumed  to  be  30  percent, 
based  on  oven  dry  weight. 

Small  Roundwood  in  Multiproduct 

Felling,  bucking,  skidding,  overhead, 
and  hauling  costs  were  assigned  to  small 
roundwood  in  multiproduct  sales.  Road-- 
including  maintenance- -slash  disposal, 
erosion  control,  and  temporary  develop- 
ment costs  were  charged  to  the  live  saw- 
timber. The  moisture  content  of  chips 
produced  from  green  roundwood,  when  ship- 
ped from  the  sawmills  to  the  flakeboard 
plant,  was  assumed  to  average  70%  based 


on  oven  dry  weight.  A total  cost  of  chips 
of  $42.18  per  oven  dry  ton,  delivered  to 
the  flakeboard  plant,  includes  a cost  of 
$28.81  for  roundwood  delivered  to  the  saw- 
mill, $7.00  for  debarking  and  chipping  at 
the  sawmill,  and  $6.37  for  hauling  chips 
to  the  flakeboard  plant. 

Small  Roundwood  in  Designated  Small 
Roundwood  Sales 

Small  roundwood  in  designated  small 
roundwood  sales  would  have  to  carry  road 
maintenance,  slash  disposal,  erosion 
control,  and  temporary  development  costs 
in  addition  to  other  logging  costs  shown 
for  small  roundwood  in  multiproduct  sales. 
These  additional  costs  were  based  on 
timber  appraisal  information  for  five 
sales  on  the  Medicine  Bow,  Routt,  and 
Roosevelt  National  Forests  during  1975. 

A total  cost  of  $47.51  per  oven  dry  ton 
of  chips  delivered  to  the  flakeboard  plant 
includes  an  average  cost  of  $34.14  for 
roundwood  delivered  to  the  sawmill,  $7.00 
for  debarking  and  chipping  at  the  sawmill, 
and  $6.37  for  hauling  chips  to  the  flake- 
board plant.  The  above  total  costs  do  not 
include  the  cost  of  building  primary  roads 
into  some  presently  unroaded  areas. 
Building  such  roads  would  probably  add 
another  $5.00  to  $7.00  per  oven  dry  ton 
if  their  cost  was  entirely  assigned  to 
the  timber  cut. 

Coarse  Sawmill  Residues  from  Live  Sawlogs 

The  f.o.b.  mill  market  value  of  pulp- 
chips  produced  from  live  sawlogs  at  saw- 
mills was  estimated  to  be  $7.50  per  oven 
dry  ton,  based  on  an  average  pulpchip 
value  of  $9.00  per  unit  (2,400  o.d.  lbs.) 
during  1975.^  An  estimated  total  cost 
of  $13.00  per  oven  dry  ton  delivered  to 
the  flakeboard  plant  includes  $5.50  for 
hauling.  The  moistrue  content  of  these 
chips  was  assumed  to  be  30%. 

Cost  of  Manufacturing  Flakeboard 

Estimated  costs  of  producing  struc- 
tural flakeboard  at  Laramie,  Wyoming, 
range  from  approximately  $125  to  $202  per 
thousand  square  feet  1/2-inch  basis 
(MSF  - 1/2") , excluding  wood  costs 
(see  page  150) . These  production  costs 
depend  largely  on  the  size  of  the  facility 
and  to  some  extent  on  the  cost  of  pre- 
processing roundwood  and  chips  at  the 
facility.  The  full  cost,  including  wood 
costs,  of  producing  structured  flakeboard 
in  different  types  and  sizes  of  facilities 
are  estimated  in  Figure  1.  The  product 
envisioned  was  a three-layer  flakeboard 
with  the  faces  of  larger  flakes  and  the 
cores  of  smaller  flakes  and  other  material 
produced  from  the  chips. 

Only  a 40%  flake/60%  chip  facility 
with  press  capacities  of  37.5,  75.0, 

112.5,  and  150  million  square  feet  - 1/2- 
inch  basis  (MMSF  - 1/2")  was  considered 
for  Laramie,  since  furnish  in  chip  form 
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Table  1.  - ESTIMATED  COST  OF  DIFFERENT  WOOD  MATERIALS  TO  PARTICLEBOARD  PLANT 


Type  of  activity  and  cost 

Forest 
res idues 

Small 

roundwood , 
multiproduct 
sales 

Small 

roundwood , 
small  round- 
wood  sales 

Coarse 
sawmill 
residues  - 
live  sawlogs 

($/MBF^i) 

($/cordb) 

( $/cordt> ) 

($/o.d.  ton) 

Logging 

Fell  and  buck 

11.00 

5.98 

5.98 

Skid 

16.34 

8.90 

8.90 

Load 

5.48 

2.98 

2.98 

Overhead 

7.47 

3.74 

3.74 

Haul 

14.77 

6.71 

6.71 

Road  maintenance 

-- 

-- 

.92 

Slash  disposal 

-- 

-- 

3.18 

Erosion  control 

-- 

-- 

.04 

■Temporary  development 

-- 

-- 

1.19 

-- 

Stumpage 

1.00 

. 50 

.50 

-- 

Cost  to  sawmill 

56.06 

28.81 

34.14 

7.50 

Debarking  and  chipping 

14.00 

7.00 

7.00 

-- 

Chips  from  sawed  dead 

2.63 

material 

Chip  haul 

8.92 

6.37 

6 . 37 

5.50 

Delivered  wood  cost 

81.61 

42.18 

47.51 

13.00 

Cost  per  oven  dry  ton 

44.11 

42.18 

47.51 

13.00 

Each  MBF  of  forest  residues  directly  chipped  yields  about  1.50  oven  dry  tons  of 
chips;  an  additional  .35  oven  dry  ton  of  chips  is  realized  from  the  coarse  residues 
of  each  MBF  sawn  into  lumber.  Thus,  about  1.85  oven  dry  tons  of  chips  are  recovered 
per  MBF  of  forest  residues  chipped. 

^Each  cord  chipped  yields  about  1.00  oven  dry  tons  of  chips. 

Allowances  for  profit  and  risk  were  not  included  in  delivered  wood  costs. 


would  be  the  only  wood  material  that 
could  be  feasibly  supplied  to  the  plant. 

It  was  assumed  that  facilities  of  each  of 
the  different  sizes  could  manufacture 
board  from  1001  chips  at  the  same  cost  as 
from  a 40%  flake/60%  chip  mixture. 

Total  costs  of  producing  structural 
flakeboard,  including  a composite  capital 
cost  of  15%,  was  estimated  for  each  size 
of  facility,  utilizing  wood  raw  materials 
in  the  following  priority:  1)  coarse 

sawmill  residues,  2)  forest  residues, 

3)  small  roundwood  in  multiproduct  sales, 
and  4)  small  roundwood  in  designated 
small  roundwood  sales.  This  priority  was 
based  on  both  economic  and  environmental 
considerations.  The  total  production  and 
wood  raw  material  costs  and  wood  raw 
material  volumes  required  for  each  size 
facility  were : 


press . 

A total  production  cost  of  $193.17 
per  MSF  would  be  incurred  using  coarse 
sawmill  residues  at  $13.00  per  oven  dry 
ton.  Available  coarse  residues  of  50,440 
oven  dry  tons  would  be  ample  to  supply  the 
38,650  oven  dry  tons  required  annually  by 
the  plant.  The  mixing  of  any  other  type 
of  material  with  coarse  sawmill  residues 
would  obviously  increase  the  total  produc- 
tion costs  per  MSF. 

2.  Facility  with  75.0  MMSF  (1/2")  capacity 
(per  year)  and  4'  x 16'  24-opening  press. 

A total  production  cost  of  $166.07 
per  MSF  would  be  incurred  using  76,500 
oven  dry  tons  at  $23.60  per  oven  dry  ton. 
The  chip  mix  would  consist  of  the  fol- 
lowing : 


1.  Facility  with  37.5  MMSF  (1/2")  capa- 
city (per  year)  and  4'  x 8'  24-opening 
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Wood  raw 
material 


Annual 
volume 
O.d.  tons 


Cost  per 
oven  dry  ton 
Dollars 


would  be  utilized,  plus  almost  a sixth  of 
the  requirement  coming  from  small  round- 
wood  sales. 


Coarse  sawmill  50,440 

residues 


13.00 


Likely  Market  Value  of 
Structural  Flakeboard 


Forest  residues  26,060  44.11 

The  entire  available  supply  of  coarse 
sawmill  residues  would  be  utilized,  plus 
about  half  as  much  forest  residues. 

3.  Facility  with  112.5  MMSF  (1/2")  capa- 
city (per  year)  and  4'  x 24'  24-opening 
press . 

A total  production  cost  of  $161.23 
per  MSF  would  result  from  using  114,450 
oven  dry  tons  at  $30.02  per  oven  dry  ton 
The  chip  mix  would  consist  of  the  fol- 
lowing : 


Wood  raw 
material 

Annual 
volume 
O.d.  tons 

Cost  per 
oven  dry  ton 
Dollars 

Coarse  sawmill 
residues 

50,440 

13.00 

Forest  residues 

41,290 

44 .11 

Small  roundwood 
from  multi- 
product sales 

22,720 

42 . 18 

The  entire  available  supply  of  both 
coarse  sawmill  and  forest  residues  would 
be  utilized,  with  about  a fifth  of  the 
requirement  being  supplied  by  small 
roundwood . 

4.  Facility  with  150.0  MMSF 
city  (per  year)  and  8'  x 24 
press . 

(1/2")  capa- 
' 16-opening 

A total  production  cost  of  $163.47 
per  MSF  would  result  from  using  149,600 
oven  dry  tons  at  $33.69  per  oven  dry  ton. 
The  chip  mix  would  consist  of  the  fol- 
lowing : 

Wood  raw 
material 

Annual 
volume 
O.d.  tons 

Cost  per 
oven  dry  ton 
Dollars 

Coarse  sawmill 
res idues 

50,440 

13.00 

Forest  residues 

41,290 

44.11 

Small  roundwood 
from  multi- 
product sales 

35,040 

42.18 

Small  roundwood 

22,830 

47.51 

from  designated 
small  roundwood 
sales 

The  entire  available  supply  of  coarse 
sawmill  residues,  forest  residues,  and 
small  roundwood  in  multiproduct  sales 


Development  of  high  volume  markets 
for  structural  flakeboard  will  require 
expanded  use  of  this  type  product  in 
floor,  roof,  and  wall  sheathing;  combina- 
tion sheathing-siding;  and  siding.  To 
compete  with  plywood,  flakeboard  will 
have  to  be  sold  at  or  below  the  price  of 
comparable  plywood.  The  most  comparable 
plywood  sheathing  product  on  the  market 
today  is  C-D  exterior  grade,  1/2"  thick- 
ness . 

Two  major  market  areas  were  original- 
ly considered  for  study  as  potential  out- 
lets for  Laramie-produced  flakeboard-- 
Omaha  and  Denver.  Omaha  was  selected  as 
the  prime  market  area  after  considering 
both  the  average  price  paid  by  distri- 
butors for  C-D  exterior  grade,  1/2-inch 
plywood,  and  the  freight  cost  for  ship- 
ping 1/2-inch  structural  flakeboard  from 
Laramie.  Denver  was  not  selected  because 
of  the  low  average  price  of  the  plywood. 
The  average  delivered  price  for  C-D 
exterior  plywood,  f.o.b.  Omaha,  was  about 
$198  per  MSF  (1/2")  in  1976.  The  esti- 
mated price  of  structural  flakeboard  from 
Laramie  would  range  from  $178  to  $198 
per  MSF  (1/2")  f.o.b.  Omaha.  Since  the 
1976  freight  cost  would  have  been  about 
$24  per  MSF  (1/2")  from  Laramie  to  Omaha, 
a residual  f.o.b.  plant  value  would  have 
then  ranged  from  about  $154  to  $174. 

Conclus ions 

The  financial  analysis  indicated  that 
under  the  assumptions  used  a Laramie 
facility  built  to  produce  112.5  MMSF  (1/2" 
basis)  of  flakeboard  per  year  would  be 
more  economically  efficient  than  a plant 
to  produce  at  levels  of  37.5,  75.0,  or 
150.0  MMSF  (1/2").  Total  production  costs 
and  the  costs  of  wood  materials  for  each 
facility  size  are  estimated  as  follows: 


Plant  size 
MMSF  - 1/2" 

Total  produc- 
tion cost 
$/MSF-l/2" 

Cost  of  wood 
raw  materials 
$/o.d.  ton 

37.5 

193.17 

13.00 

75 . 0 

166.07 

23.60 

112.5 

161.23 

30.02 

150.0 

163.47 

33.69 

The  smallest  plant  size  is  least 
efficient,  even  though  its  cost  of  wood 
raw  materials  is  lowest.  The  economies 
of  scale  begin  to  be  offset  by  the  higher 
cost  of  wood  raw  materials,  however,  as 
forest  residues  and  roundwood  become  a 
greater  proportion  of  the  necessary  raw 
material  mix  for  plants  of  larger  size. 
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Other  possible  cost  factors  are  illus- 
trated by  the  example  that  the  total 
production  costs  for  the  150.0  MMSF 
(1/2")  facility  would  rise  from  $163.47 
to  $164.34  per  MSF  (1/2")  if  wood  costs 
increased  $5.00  per  cord  or  oven  dry  ton 
to  cover  primary  road  construction  for 
designated  small  roundwood  sales. 

Total  production  costs  for  the  75.0, 
112.5,  and  150.0  MMSF  (1/2")  plants  ap- 
pear to  be  marginally  within  the  range 
of  1976  f.o.b.  plant  values  ($154  to 
$174)  estimated  for  flakeboard  sold  in 


Omaha.  The  total  production  cost  of 
$193.17  for  the  37.5  MMSF  (1/2")  plant, 
however,  greatly  exceeds  the  maximum 
estimated  plant  market  value. 
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Figure  1. — Production  costs  ($/MSF)  including  taxes  and  cost  of  capitol  (15%  IRR) 
and  1976  estimated  f.o.b.  plant  value  ($/MSF)  for  1/2"  structural 
flakeboard  manufactured  from  four  facilities  with  varying  annual 
capacities  sited  in  Laramie,  Wyo.  (A.  = 40%  logs,  60%  chips;  B.  = 40% 
flakes,  60%  chips;  C.  = 100%  flakes) 

^Maximum  estimated  plant  value  of  flakeboard. 
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PROSPECTS  FOR  STRUCTURAL  FLAKEBOARD  MANUFACTURING 
IN  THE  NORTHERN  ROCKIES 

Richard  Withycombe^ 

University  of  Montana 
Missoula,  Montana 


Abstract 


being  the  dominant  commercial 


species . 


The  northern  Rocky  Mountain  region  is 
heavily  forested  with  mixed  conifers,  and 
contains  large  volumes  of  forest  residues. 
Two  areas  have  been  selected  as  typical  of 
the  region;  Western  Montana  and  South- 
eastern Idaho.  The  residues  in  western 
Montana  are  dead  or  cull  material  that  will 
be  available  as  an  adjunct  to  logging  for 
sawlogs,  while  the  material  in  south- 
eastern Idaho  consists  primarily  of  lodge- 
pole  pine  recently  killed  by  bark  beetle 
infestation. 


The  costs  of  harvesting  the  forest 
residues  are  estimated  at  $22.38  per  oven- 
dry-ton  in  western  Montana,  and  $29.91  per 
OUT  in  southeast  Idaho.  The  costs  of  con- 
verting the  material  to  structural  flake- 
board  is  not  significantly  different  from 
the  costs  found  for  other  potential  manu- 
facturing sites  in  the  United  States,  but 
the  high  transportation  costs  to  the 
primary  marketing  areas  make  the  manufac- 
ture of  structural  flakeboard  economically 
infeasible  at  present  prices.  A sustained 
price  increase  of  about  10  percent  above 
1976  prices  (excluding  inflation)  would  be 
required  before  a flakeboard  plant  would  be 
considered  feasible  in  the  Northern 
Rockies . 

Introduction 

The  northern  Rocky  Mountain  region  is  a 
mountainous  area  about  300  miles  wide  and 
600  miles  long  that  lies  in  a broad  band 
from  just  south  of  Yellowstone  National 
Park,  north  to  Canada.  To  the  south  there 
are  large,  high  plateaus  and  gently  rolling 
hills,  while  to  the  north  the  land  is  steep 
and  rugged.  Most  of  the  area  is  heavily 
forested  with  mixed  conifers,  with  lodge- 
pole  pine,  Douglas  fir,  and  western  larch 
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Two  sites  within  this  area  have  been 
selected  representative  of  the  whole  re- 
gion: St.  Anthony,  Idaho,  in  southeast 

Idaho  adjacent  to  Yellowstone  Park,  and 
Missoula,  Montana,  in  the  northern  moun- 
tains.^ The  forest  residues  available  to 
a structural  flakeboard  plant  in  Missoula 
will  consist  primarily  of  dead  or  down 
timber  and  small  stems  that  will  become 
available  as  an  adjunct  to  logging  for 
veneer  and  sawlogs.  The  wood  will  be  a 
mixture  of  lodgepole  pine,  Douglas  fir, 
and  western  larch,  with  some  alpine  fir. 
St.  Anthony  is  adjacent  to  large  tracts 
of  dead  lodgepole  pine,  the  result  of  a 
recent  infestation  of  mountain  pine  bark 
beetle.  The  trees  are  mostly  standing 
dead,  with  heavy  concentrations  in  many 
areas.  Some  of  this  material  will  become 
available  as  an  adjunct  of  normal  logging 
operations,  but  most  would  be  harvested 
as  sales  of  dead  timber.  Most  of  the 
dead  wood  is  sound,  but  has  large  checks 
which  make  portions  of  it  unsuitable  for 
lumber  or  veneer  use. 

3 

Residue  Volumes 

Volumes  of  forest  residues  in  western 
Montana  have  been  estimated  based  on  cur- 
rent harvesting  plans  for  sawlogs.  The 
actual  volumes  of  residues  will  vary  con- 
siderably according  to  what  part  of  the 
total  biomass  is  considered  as  available 
residues.  Only  stems,  or  parts  of  them, 
that  are  sound  enough  and  large  enough 
to  pick  up  and  haul  on  a log  truck  have 
been  considered  for  this  analysis.  Based 
on  the  current  average  of  about  100,000 
acres  per  year  in  western  Montana  that  is 
harvested  for  sawlogs,  there  should  be 
about  75  to  120  million  cubic  feet  of 
useable  forest  residues  generated  per 
year.  That  is  enough  fiber  to  supply 


2 

The  named  cities  are  representative 
of  a geographical  area  with  a radius  of 
about  200  miles.  The  analysis  which  fol- 
lows applies  to  this  broad  area,  and  is 
not  necessarily  limited  to  the  two  cities 
named . 

3 • 

Volume  estimates  in  this  section 

were  furnished  by  Bob  Benson,  Forest 
Sciences  Laboratory,  Missoula,  Montana 
(based  on  a summary  of  Mountain  States 
forest  residues  manuscript  in  prepara- 
tion) . 
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from  10  to  15  structural  flakeboard 
plants,  each  one  producing  150  million 
square  feet  of  one-half  inch  flakeboard 
per  year.  The  estimates  of  the  available 
volumes  of  forest  residues  are  subject  to 
considerable  error,  but  there  is  no  doubt 
that  there  is  a sufficient  volume  to  fur- 
nish several  flakeboard  plants. 

The  forest  residues  in  Southeastern 
Idaho  consist  primarily  of  standing  dead 
lodgepole  pine,  the  result  of  an  epidemic 
infestation  of  mountain  pine  bark  beetle. 
There  is  an  estimated  668  million  cubic 
feet  of  dead  timber  in  the  area.  The 
Targhee  National  Forest  would  prefer  to 
harvest  this  timber  within  the  next  15 
years,  which  would  make  about  50  million 
cubic  feet  per  year  available  for 
products . 

Not  all  of  the  estimated  total  volumes 
in, either  area  would  actually  be  available 
for  production  of  flakeboard.  Much  of  the 
material  in  both  regions  is  in  remote 
areas  far  from  roads.  A portion  of  those 
areas  may  eventually  be  classified  as  wil- 
derness, or  be  otherwise  reserved  from 
harvest.  The  estimates  for  western 
Montana  should  be  reduced  by  about  one- 
third,  and  those  for  the  Targhee  should 
be  reduced  by  as  much  as  one-half  to 
account  for  those  areas  that  may  not  be 
harvested . 

There  is  some  current  utilization  of 
forest  residues  in  both  areas.  At  times 
when  the  national  (or  international)  mar- 
ket for  pulp  chips  is  strong,  and  other 
supplies  are  short,  pulp  chips  are  pro- 
duced from  dead  timber,  but  most  of  the 
time  the  cost  of  harvesting  and  shipping 
the  chips  exceeds  their  market  value,  so 
that  there  is  little  collection  of 
forest  residues  for  chips.  House  logs 
are  produced  throughout  the  area,  and 
there  is  a constant  but  relatively  small 
market  for  posts  and  poles  from  dead  or 
small  timber.  Considerable  volumes  of 
recently  dead  lodgepole  are  sawn  for 
what  lumber  may  be  obtained  from  them, 
with  much  of  the  stem  going  to  pulp 
chips . 

Even  after  reducing  the  estimated  total 
volumes  of  forest  residues  by  30  to  50 
percent  because  of  inaccessibility,  and  a 
further  10  to  20  percent  for  competing 
uses,  there  still  remains  about  50  mil- 
lion cubic  feet  per  year  in  western 
Montana,  and  about  20  million  cubic  feet 
per  year  in  Southeastern  Idaho,  or  enough 
to  supply  eight  large  flakeboard  plants 
from  the  two  areas  combined. 

Harvesting  Costs 

In  estimating  the  harvesting  costs  for 
western  Montana,  it  has  been  assumed  that 
the  residue  would  be  harvested  along  with 
normal  logging  operations,  so  that  all 
costs  of  road  building,  road  maintenance, 
and  slash  treatment  will  be  borne  by  the 


saw  and  veneer  logs.  The  only  costs  al- 
located to  the  residues  will  be  the  costs 
of fal 1 ing  , yarding  , loading,  transporta- 
tion, and  chipping.  It  is  further  as- 
sumed that  all  residues  will  be  hauled  as 
logs  to  a central  chipping  facility, 
rather  than  be  chipped  in  the  woods. 
Previous  experience  has  indicated  that  in 
the  generally  steep  terrain  of  western 
Montana  a central  chipping  facility  re- 
sults in  a lower  total  cost  than  does 
in-woods  chipping  by  portable  chippers. 

The  harvesting  costs  for  western 
Montana  are  estimated  at  $22.38  per  oven 
dry  ton.  The  estimate  was  based  on 
"Timber  Production  Costs"  published  by 
the  Bureau  of  Land  Management.  The  as- 
sumptions and  the  calculation  of  the 
estimated  costs  are  shown  in  Table  1. 

The  harvesting  of  dead  lodgepole  in 
the  St.  Anthony  area  could  be  handled 
by  conventional  logging  techniques,  but 
the  costs  would  tend  to  be  somewhat 
higher  than  for  Western  Montana  because 
of  the  small  stem  size.  The  generally 
flat  terrain  and  small  stem  size  make 
the  use  of  mechanical  harvesting  tech- 
niques feasible.  Table  2 shows  a pro- 
jected cost  of  $29.91  per  ODT,  based  on 
the  use  of  a feller  buncher  with  de- 
limbing  attachments,  a grapple  skidder, 
and  a portable  de-barking  and  chipping 
machine . 

In-woods  chipping  appears  to  cost 
somewhat  more  than  a central  chipper  per 
ton  of  chipped  wood,  but  there  are  some 
offsetting  costs  savings.  The  transporta- 
tion cost  has  been  estimated  as  70  per- 
cent of  that  required  to  haul  logs  be- 
cause of  the  greater  bulk  density  of 
the  chips.  (This  assumes  that  the  road 
system  can  accommodate  the  chip  truck.) 
In-woods  chipping  eliminates  the  need 
for  bark  disposal  at  a central  chipper, 
and  should  also  result  in  more  complete 
utilization  of  the  available  fiber, 
since  small  pieces  and  tops  that  would 
not  be  hauled  on  a truck  can  be  chipped. 
Slash  treatment  costs  have  also  been 
reduced  in  the  estimated  cost  of  har- 
vesting by  mechanical  harvester  and  in- 
woods chipping.  The  dry,  brittle  lodge- 
pole branches  tend  nearly  to  disappear 
after  they  have  been  snapped  off  by  the 
delimber  and  trampled  a bit  by  the 
skidder,  and  the  in-woods  chipper  eli- 
minates cull  logs  or  short  tops  that 
would  be  left  as  a result  of  conven- 
tional logging.  The  end  result  is  a 
remarkably  clean  site  that  will  require 
very  little  post-harvesting  effort. 

Production  Costs  for 

Structural  Flakeboard 

The  costs  of  structural  flakeboard 
production  (exclusive  of  wood  cost)  are 
nearly  the  same  for  all  sites  in  the 
northern  Rocky  Mountain  region.  The  cost 
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of  plant  and  equipment,  land,  the  cost  of 
capital,  and  taxes  are  relatively  uniform 
across  the  United  States.  There  are, 
however,  some  significant  differences  be- 
tween areas  in  the  costs  of  labor,  energy, 
and  wood. 

The  cost  of  labor  in  the  northern 
Rocky  Mountains  is  about  10  percent  lower 
than  for  similar  jobs  in  the  west  coast 
states,  but  is  much  higher  than  the  south 
or  east.  Energy  costs  (both  electrical 
and  fuel  oil)  are  slightly  lower  than  the 
west  coast,  and  much  less  than  the  south 
or  east.  The  total  production  costs, 
excluding  wood,  are  about  the  same  as  for 
the  west  coast  sites,  but  are  about  15 
percent  to  24  percent  higher  than  the  east 
and  south. 

Figures  1 through  4 show  the  total 
production  cost  as  a function  of  the  wood 
cost.  The  two  lines  on  each  chart  repre- 
sent two  of  the  assumed  mixes  of  raw 
material,  with  40  percent  logs  and  60  per- 
cent chips,  or  40  percent  flakes  and  60 
percent  chips.  The  line  for  the  mix  using 
logs  is  higher  in  all  cases  because  of  the 
greater  cost  for  chipping  and  drying  the 
log  furnish.  Figures  1 and  3 are  for  a 
press  size  of  4 by  16  feet,  and  figures 
2 and  4 are  for  press  sizes  of  8 by  24 
feet.  The  economies  of  scale  obtained  by 
the  greater  press  size  is  apparent. 

The  estimated  sales  price  at  the  mill 
is  shown  as  a horizontal  dashed  line.  The 
price  was  derived  by  assuming  a primary 
market  in  the  Bismark,  North  Dakota, area 
for  both  mill  sites.  The  average  1976 
price  of  $196  per  thousand  square  feet 
(Mft2)  for  one-half  inch  CDX  plywood  was 
reduced  by  the  shipping  charges  t02obtain 
f.o.b.  mill  prices  of  $145  per  Mft  one- 
half  inch  basis  for  St.  Anthony,  and  $141 
per  Mft^  for  western  Montana. 

The  break-even  cost  is  shown  (where 
positive)  on  each  figure.  In  all  cases, 
the  break-even  cost  is  significantly  below 
the  anticipated  cost  of  harvesting  forest 
residues,  so  that  structural  flakeboard 
production  in  the  northern  Rocky  Mountain 
area  does  not  appear  to  be  economically 
feasible.  In  order  to  be  feasible,  with 
the  estimated  wood  costs  for  the  two 
sites,  a sales  price  of  $160  f.o.b.  mill 
for  St.  Anthony,  or  $153  for  the  northern 
Rocky  Mountains  is  required.  These 
represent  the  break-even  prices  for  the 
larger  press  size  and  a furnish  mixture  of 
40  percent  flakes  and  60  percent  chips. 

The  break-even  prices  are  about  10  per- 
cent to  14  percent  higher  than  the  1976 
prices . 

The  primary  reason  for  the  dim  out- 
look for  structural  flakeboard  production 
in  the  northern  Rocky  Mountain  area  is , 
of  course,  the  cost  of  transportation  to 
distant  markets.  Of  the  sixteen  sites 
selected  as  representative  of  probable 
manufacturing  sites  in  the  United  States, 


western  Montana  has  the  lowest  price 
f.o.b.  mill  after  adjusting  for  trans- 
portation, and  St.  Anthony  is  the  third 
lowest.  The  effects  of  distance  are 
even  more  severe  when  structural  flake- 
board is  considered  a competitor  of  ply- 
wood. If  both  can  be  sold  at  the  same 
price  at  their  destination,  the  greater 
weight  of  flakeboard  will  necessitate  a 
lower  price  at  the  mill;  and  the  dif- 
ference will  be  greater  for  greater 
distances.  With  Bismark  the  assumed 
market  for  flakeboard  from  western  Mon- 
tana, the  difference  in  transportation 
costs  of  flakeboard  and  plywood  is  $7 
per  Mft^,  one-half  inch  basis.  For  ship 
ment  to  the  East  Coast,  the  difference 
is  $10.  (This  assumes  weights  of  1873 
lb  per  Mft^  for  flakeboard  and  1500  lb 
per  Mft2  for  plywood.) 

A small  structural  flakeboard  mill 
serving  the  nearby  markets  would  escape 
the  high  transportation  costs,  but  the 
costs  of  production  for  a small  plant 
make  this  alternative  appear  inadvisable 
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Table  1.  - RESIDUE  HARVESTING  COST  ESTIMATES--WESTERN  MONTANA 


Falling  and  Bucking2 
Yarding  and  Loading 
Transport at ion3 

Cost  to  Mill 

Cost  per  O.D.T.  @1  mbd.ft. 

= 2 O.D.T. 

Debark  and  Chip 
Net  Cost 


$ 7 . 60/mbd . ft . 
7.35/mbd.ft. 
19.81/mbd.ft. 
$34.76/mbd.ft. 

17. 38/O.D.T. 
5.00 

$22. 38/O.D.T. 


(1,2,3)  Notes  1,2,  and  3 refer  to:  Timber  Production  Costs  Schedule  20 

United  States  Department  of  the  Interior,  Bureau  of  Land  Management, 
Oregon  State  Office,  Portland,  Oregon  June  20,  1977 

(1)  Illustration  1,  page  1.  Assumed  values  are: 

Average  DBH  = 12  inches 
Percent  Top  Loss  - 20% 


(2)  Illustration  2,  page  4.  Assumed  values  are: 

Average  Volume  per  16  foot  log  = 80  bd.ft. 

Average  Yarding  Distance  = 500  feet 
Yarding  Method  - Tractor 

(3)  Section  .34B,  Charts  1,2, 3, 4,  and  5.  Assumed  values  are: 

Hard  Surface  Distance  = 30  miles 
Gravel  Surface  Distance  = 10  miles 
Dirt  Surface  Distance  = 5 miles 
Rate  of  Rise  and  Fall  = 10-20  percent 


Table  2.  - RESIDUE  HARVESTING  COST  ESTIMATES- - ST . ANTHONY,  IDAHO  AREA 


Fall  and  Limb  (Mechanical 
Harvester)^  2 

Yard, (Grapple  Skidder) 
Chip  4 

Transportation 

Basic  Cost  ^ 

Road  Maintenance^ 

Fire  Protection^ 

Fuel  Treatment^ 

Total  Cost 


$ 5.78/O.D.T. 
5.06 
9.90 
6 . 93 

$27.67/O.D.T. 
1.09 
. 40 
. 75 

$29 . 91/O.D.T. 


(1)  Fulkema,  M.P.  Evaluation  of  Kockums  880  "Tree-King"  Fel ler- Buncher , 
Technical  Report  No.  TR- 13 , Forest  Engineering  Research  Institute  of 
Canada,  Vancouver,  B.C.  April  1977 


Estimated  values  are:  Economic  Life  = 14,000  hours.  Utilization  = 70%, 

Maintenance  Cost  = $17/hour.  Productivity  = 800  cubic  feet  per  hour. 

(2)  Legault,  R. , and  L.H.  Powell.  Evaluation  of  FMC  200  BG  Grapple  Skidder, 

Technical  Report  No.  TR-1,  Forest  Engineering  Research  Ins t i tute  of  Canada, 
Vancouver,  B.C.,  December  1975 


Estimated  values  are:  Economic  Life  = 12,000  hours.  Utilization  = 70%, 

Maintenance  Cost  = $15/hour.  Productivity  = 800  cubic  feet  per  hour. 


(3)  Sampson,  G.R.,  H.E.  Worth,  and  D.M.  Donnely.  Demonstration  Test  of  In-Woods 
Pulp  Chip  Production  in  the  Four  Corners  Region,  USDA  Forest  Service  Research 
Paper  RM-125,  July  1974,  page  13. 


(4)  Calculated  as  70%  of  log  transportation  costs.  Table  1. 


(5,6,7)  Timber  Production  Costs  Schedule  20  United  States  Department  of  the  Interior, 
Bureau  of  Land  Management,  Oregon  State  Office,  Portland,  Oregon,  June  20, 

1977.  Road  Maintenance  based  on  10  miles  gravel  and  5 miles  dirt,  (illus.  4, 
p.  22).  Fire  Protection  based  on  small  scale,  trailer  with  mounted  pump 
(illus.  5,  p.  1).  Fuel  Treatment  based  on  machine  piling  and  burning,  reduced 
by  one-half  to  account  for  low  residue  volume.  Assumed  40  O.D.T.  per  harvested 
acre  (illus . 5 , p . 3) . 
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Wood  Cost,  Dollars  Per  Ton 


OPPORTUNITIES  FOR  STRUCTURAL  FLAKEBOARD  PRODUCTION 
IN  THE  PACIFIC  NORTHWEST 

Thomas  C.  Adams 
Research  Economist 

Pacific  Northwest  Forest  § Range  Experiment  Station 
Portland,  Oregon 


Abstract 

Feasibility  of  structural  flakeboard 
manufacture  in  Washington  and  Oregon  was 
explored  as  part  of  the  national  program 
to  develop  a new  product  that  could  help 
meet  rising  demand  for  future  building 
products.  The  raw  material  would  come 
chiefly  from  forest  residue,  little-used 
species,  and  small  or  defective  trees. 

Sufficient  raw  material  now  exists  in 
Washington  and  Oregon  for  a number  of 
structural  flakeboard  plants,  but  collec- 
tion and  processing  the  raw  material  to 
uniform  clean  flakes  at  a plant  site  would 
be  costly.  Forest  industries  are  well 
developed  in  these  two  States  and  could 
easily  expand  into  production  of  struc- 
tural flakeboard.  It  is,  however,  un- 
likely that  structural  flakeboard  produc- 
tion from  the  Pacific  Northwest  can  com- 
pete with  the  same  type  of  board  produced 
closer  to  distant  markets,  nor  with  con- 
ventional plywood  in  western  markets. 

Introduction 

A large  share  of  the  timber  harvest  in 
Washington  and  Oregon  comes  from  old- 
growth  forests,  with  some  of  the  Nation's 
highest  levels  of  logging  residue.  In 
addition,  both  States  contain  large  areas 
of  lodgepole  pine  and  associated  species 
killed  by  recent  forest  insect  epidemics. 
Other  types  of  forest  residue  include 
natural  mortality,  little-used  species 
(chiefly  hardwoods),  and  undesirable 
growing  stock  trees.  The  Forest  Residues 
Program  at  the  Pacific  Northwest  Forest 
and  Range  Experiment  Station  is  looking 
for  ways  to  reduce  forest  residue  by 
treatment,  improved  logging  systems,  and 
increased  utilization.  Structural  flake- 
board is  one  class  of  product  that  can  be 
made  from  forest  residue  (2, 3, 5, 6).  This 
study  analyzes  the  economic  feasibility 
of  structural  flakeboard  production  at 
three  representative  locations:  Longview, 

Washington,  and  Medford  and  La  Grande, 
Oregon . 

Structural  flakeboard  is  composed  of 
thin  wafers  or  flakes  approximately 
2-1/2  inches  long.  These  produce  a build 
ing  board  panel  intended  to  be  competi- 
tive in  strength  qualities  to  sheathing 
grades  of  softwood  plywood.  If  structural 
flakeboard  can  be  produced  at  a lower  cost 
than  plywood,  it  should  be  able  to  help 
stretch  the  Nation's  raw  material  supply 
in  the  long-term,  growing  housing  market 
(1,7). 


Washington  and  Oregon  are  strongly 
oriented  toward  the  forest  industries, 
and  these  States  already  have  the  re- 
lated technology,  managerial  ability, 
and  skilled  labor  force  employed  in  con- 
ventional particleboard  manufacture. 
Existing  particleboard  operations  are 
well  integrated  with  other  forest  in- 
dustries in  matters  of  raw  material 
supply  and  end-product  sales  functions 
and  without  much  difficulty  could  expand 
into  production  of  structural  flake- 
board. The  main  question  is  one  of 
economics - -whether  or  not  structural 
flakeboard  from  the  Pacific  Northwest 
can  compete  with  the  same  type  of  board 
produced  closer  to  distant  markets, 
chiefly  in  the  Midwest  and  Eastern 
States , or  whether  it  can  compete  with 
conventional  plywood  in  western  markets. 

Quantity  and  Availability  of 
Forest  Residue  Materials 

The  greatest  total  volume  of  forest 
residue,  as  well  as  volumes  per  acre, 
occur  as  logging  residue  associated  with 
clearcutting  in  the  Douglas-fir  region 
of  western  Washington  and  western  Oregon. 
Howard  (4)  estimated  this  annual  produc- 
tion, including  limbwood,  to  be  465 
million  cubic  feet  for  1969,  a fairly 
typical  year.  Average  net  volume  of 
logging  residue  was  1,344  cubic  feet  per 
acre  on  private  lands,  3,153  cubic  feet 
per  acre  on  National  Forest  lands,  and 
2,054  cubic  feet  per  acre  on  other  public 
lands  (Table  1) . These  volumes  do  not 
include  pieces  less  than  4 inches  in 
diameter  outside  bark  and  4 feet  in 
length . 

Similarly,  in  eastern  Washington  and 
eastern  Oregon,  Howard  estimated  the 
logging  residue  from  all  types  of  logging 
to  be  93  million  cubic  feet,  averaging 
376  cubic  feet  per  acre  on  private  lands 
and  312  cubic  feet  per  acre  on  public 
lands . 

In  addition,  there  is  an  estimated 
227  million  cubic  feet  of  standing  dead 
timber,  mostly  lodgepole  pine,  killed 
from  1968  through  1977  by  the  mountain 
pine  beetle  in  eastern  Washington  and 
eastern  Oregon.  Most  of  this  is  in  the 
Blue  Mountains  of  northeastern  Oregon. 

Other  types  of  forest  residue,  not 
associated  with  logging,  such  as  normal 
mortality,  hardwoods,  and  undesirable 
growing  stock  trees,  are  mostly  widely 
scattered  and  are  not  considered  to  be 
feasible  sources  for  utilization  except 
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Table  1.  - NET  VOLUME  OF  LOGGING  RESIDUE  IN 
WASHINGTON  AND  OREGON,  1969 


Total 

volume 

Bucked 

log 

Breakage 

Full  tree 
or  top 

Limbwood 

Slabs  and 
splinters 

(Million 

cubic  feet^) 

Douglas-fir  region 

National  Forest 

142  . 8 

75.7 

46.0 

12  . 8 

1 . 8 

6.5 

Other  public 

102  . 7 

48.8 

27.1 

17.9 

1.4 

7 . 5 

Private 

219.8 

31.4 

103.4 

55.9 

2.6 

26.6 

465 . 3 

156.0 

176.4 

86.6 

5.8 

40 . 6 

Ponderosa  pine 
region 

2 

National  Forest 

64.0 

14.4 

11.7 

33.4 

4 . 3 

0.2 

Private 

29.0 

2.3 

8.5 

14.9 

1.9 

1 . 5 

93.0 

16 . 7 

20.2 

48 . 3 

6.2 

1 . 7 

Total 

558.3 

172.6 

196.6 

134.9 

11.9 

42.2 

^Data  may  not  add  to  totals  because  of  rounding. 

y 

“Includes  some  land  owned  or  administered  by  other  public  agencies. 


Source:  Developed  from  Table  15  of  Howard  (4). 


as  they  can  be  taken  out  along  with  sound 
material  in  regular  harvest  operations. 


Quantities  of  annual  logging  residue 
in  three  geographic  areas  were  estimated, 
based  on  the  relation  of  log  harvest  to 
logging  residue  in  the  base  year  1969,  for 
which  logging  residue  data  are  available. 
These  areas  included: 


1.  Clark,  Cowlitz,  Lewis,  and 
Wahkiakum  Counties,  Washington,  and 
Columbia  County,  Oregon  (potential  utili- 
zation center  Longview,  Washington); 

2.  Josephine  and  Jackson  Counties, 
Oregon  (potential  utilization  center 
Medford,  Oregon);  and 


3.  Umatilla,  Union,  Baker,  and  por- 
tions of  Grant  and  Wallowa  Counties, 
Oregon  (potential  utilization  center  La 
Grande , Oregon) . 


The  above  estimates  include  only  the 
material  classified  by  Howard  as  41  per- 
cent or  more  chippable  and  were  reduced 
by  10  percent  to  allow  for  material  that 
would  be  too  scattered  or  too  far  from  a 
potential  landing  to  be  economically 
harvested . 


Results  are  expressed  in  terms  of 
amounts  within  a hauling  distance  of 
either  40  or  60  miles  for  Longview  and 
Medford  areas,  and  50  or  80  miles  for  the 
La  Grande  area  in  eastern  Oregon  (Table 
2) . These  hauling  distances  reflect  the 
radius  within  which  a prospective  plant 
might  plan  to  obtain  the  majority  of  its 
raw  material.  Actual  plant  locations 
might  be  anywhere  within  the  correspon- 
ding geographic  area.  Where  amounts 
shown  are  insufficient  to  support  one 
structural  flakeboard  plant,  additional 
raw  material  would  have  to  come  from 
green  timber,  which  could  include  sani- 
tation cuttings,  fire  salvage,  and 
silviculture  thinnings. 

Of  the  227  million  cubic  foot  back- 
log of  insect-killed  timber  in  eastern 
Washington  and  eastern  Oregon,  the  three 
National  Forests  most  directly  concerned 
(Umatilla,  Malheur,  and  Wallowa-Whitman) 
estimate  that  up  to  40  percent  or  90.8 
million  cubic  feet  are  not  likely  to  be 
harvested  in  20  years,  because  of  such 
things  as  lack  of  roads,  small  tree  size, 
low  volumes  per  acre,  or  high  harvest 
costs.  This  leaves  136.2  million  cubic 
feet  potentially  available  for  harvest, 
which  amounts  to  6.8  million  cubic  feet 
annually  for  20  years. 
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Table  2.  - LOGGING  RESIDUE  AND  INSECT-KILLED  TIMBER 
AVAILABLE  ANNUALLY  IN  THREE  GEOGRAPHIC  AREAS, 

AND  NUMBER  OF  POTENTIAL  STRUCTURAL  FLAKEBOARD  PLANTS 


Residue  type 
and  geographic 
area 

Available 
annual  amount 

Number  of  potential 
flakeboard  plants 
(37.5  MM  ft2  1/2  inch) 

(Million  cubic  feet) 

A.  Logging  residue 

Southwestern  Washington 
(Longview) 

40  mile  radius 

13.3 

4.2 

60  mile  radius 

30.0 

9.5 

Southern  Oregon 
(Medford) 

40  mile  radius 

5.9 

1 . 9 

60  mile  radius 

13.2 

4 . 2 

Eastern  Oregon 
(La  Grande) 

50  mile  radius 

2.9 

0.9 

80  mile  radius 

7.3 

2.2 

B.  Insect-killed  timber 

Eastern  Oregon 
(La  Grande) 

50  mile  radius 

2 . 7 

0.8 

80  mile  radius 

6 . 8 

2 . 1 

Source;  Developed  by  Forest  Residues  Research,  Development,  and  Application  Program, 
Pacific  Northwest  Forest  and  Range  Experiment  Station,  U.S.  Forest  Service, 
Portland,  Oregon. 


Utilization  of  forest  residue  for 
structural  flakeboard  must  be  able  to  meet 
the  competition  from  other  potential 
products  such  as  lumber,  veneer,  pulpwood 
chips,  and  fuel  for  energy.  Except  for 
energy,  these  products  tend  to  have  a 
higher  value,  and  hence  would  probably 
be  able  to  bid  the  raw  material  away  from 
structural  flakeboard  manufacture.  Thus, 
physical  availability  of  forest  residue 
in  the  forest  is  not  the  same  as  economic 
availability  to  a given  manufacturing 
plant . 

Economic  availability  of  forest  resi- 
due material  for  structural  flakeboard 
depends  on  such  things  as  distance  to  a 
potential  utilization  center,  road  ac- 
cessibility, volume  per  acre,  contractual 
arrangements  with  the  landowner,  and  the 
residue  material's  competitive  value  for 
a variety  of  potential  products. 

New  manufacturing  plants  need  some 
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Costs  of  Harvesting 

Costs  of  harvesting  forest  residue- 
type  materials  were  developed  using  the 
U.S.  Forest  Service,  Region  Six  Appraisal 
Handbook  as  a guide  (Table  3).  Firmwood 
scaling  defect,  based  on  potential  re- 
covery of  flakes  rather  than  lumber  or 
veneer,  was  estimated  at  20  percent  in  the 
Longview  and  Medford  areas,  and  10  percent 
in  the  La  Grande  area. 

Stumpage  cost  for  potential  flake- 
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Table  3. 


ESTIMATED  COST  OF  DELIVERED  WOOD  TO 
MANUFACTURING  SITES,  19761 


Longview,  WA 

Medford,  OR 

La 

Grande , OR 

(Dollars 

per  fbm  net  firmwood 

scale) 

2 

Felling  and  bucking 

-- 

10.71 

Yarding  17.56 

17  . 56 

15.98 

Loading  4.46 

4.46 

4.58 

Overhead  2.48 

2.48 

3.97 

Depreciation  2.87 

2.87 

2.27 

Woods  fire  protection  .43 

.43 

.47 

Transportation 

40  miles  21.22 

21.22 

-- 

50  miles 

-- 

32.92 

49.02 

49.02 

70.90 

Differential  for  low  volume 
per  acre  (Medford) , and 
deterioration  prior  to 
harvest  (La  Grande)  , 10  percent 

4.90 

7.09 

Stumpage  .50 

. 50 

. 50 

49.52 

54.42 

78.49 

Profit  and  risk  allowance,  4.95 

5.44 

7.85 

10  percent. 

54.47 

59.86 

86 . 34 

Equivalent  cost  per  cunit  (29.93) 

(05.5  fbm/ft5) 

(32.89) 

(05  fbm/ft^) 

(43.17) 

Cost  per  oven  drv  ton 

(078.1363  ft^/OD  ton)  (23.39) 

(25.70) 

(082.1433  ft^/OD  ton) 

(35.46) 

^Developed  from  U.S.  Forest  Service,  Region  Six 

Appraisal  Handbook. 

Material  near  Longview  and  Medford  is  assumed  to  be  logging  residue  requiring  little 
or  no  bucking;  material  near  La  Grande  is  assumed  to  be  mostly  standing  dead  trees. 


board  logs  was  estimated  at  $0.50  per 
thousand  board  feet  in  all  areas,  recog- 
nizing that  some  logs  would  have  a higher 
value  for  other  products  and  be  assigned 
a higher  stumpage  value.  A profit  and 
risk  allowance  of  10  percent  was  also 
applied,  on  the  basis  that  the  largest 
share  of  wood  supply  would  probably  be 
purchased  wood. 


The  resulting  costs  were  converted  to 
costs  per  cunitl  at  5.5  board  feet  per 
cubic  foot  (Longview  and  Medford  areas) 
and  5 board  feet  per  cubic  foot  (La  Grande 
area) . Costs  per  oven  dry  ton  were  then 


calculated  at  78.1363  cubic  feet  per  oven 
dry  ton  (Longview  and  Medford  areas)  and 
82.1433  cubic  feet  per  oven  dry  ton  (La 
Grande  area) . The  resulting  costs  were 
then  rounded  to  $23,  $26,  and  $35  per 
oven  dry  ton,  respectively,  for  de- 
livered wood  in  the  three  areas. 

These  costs  are  our  best  estimate  of 
average  costs  under  realistic  operating 
conditions.  Actual  costs  of  harvesting 
small  pieces,  as  from  tops  and  limbs, 
could  exceed  these  amountS;-by  a wide 
margin  if  harvesting  is  by  regular  log- 
ging equipment.  Chipping  or  flaking  of 
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Table  4.  - ESTIMATED  COSTS  OF  PRODUCTION  FOR  STRUCTURAL  FLAKEBOARD, 
INCLUDING  WOOD  COSTS,  AT  LONGVIEW,  WASHINGTON,  AND 


MEDFORD 

AND  LA  GRANDE,  OREGON 

, 1976 

Annual  production 

and  press  size 

Site  and  37, 

wood  supply  4 

.5  MM  ft^ 

X 8 ft 

75  MM  ft^ 
4 X 16  ft 

112.5  MM  ft^ 
4 X 24  ft 

150  MM  ft^ 
8 X 24  ft 

(Dollars  per  M ft 

^ 1/2-inch  basis) 

Longview,  Washington 

100%  flakes 

211 . 35 

-- 

-- 

-- 

40%/60%  flakes/chips 

224.93 

182 . 56 

169.53 

167 . 14 

40%/60l  logs/chips 

245.76 

196 . 26 

180.31 

175.58 

Medford,  Oregon 

100%  flakes 

213.89 

40%/60%  flakes/chips 

227.90 

184.51 

171.13 

168.81 

40%/60%  logs/chips 

251.31 

200.47 

184.10 

179.33 

La  Grande,  Oregon 

100%  flakes 

212 . 90 

-- 

-- 

-- 

40%/60%  flakes/chips 

226.91 

183.85 

170.47 

167 .82 

40%/60%  logs/chips 

254.94 

204.37 

188.00 

182 . 80 

Source:  Derived  from  estimating  equations  developed  at  U.S.  Forest  Products 

Laboratory,  Madison,  Wisconsin. 


small  pieces  in  the  woods  could  reduce 
wood  costs  somewhat,  but  costs  for  small 
pieces  would  still  be  higher  than  for 
larger  pieces . 

Costs  of  Manufacturing 
Structural  Flakeboard 

Costs  of  manufacturing  were  estimated 
for  three  types  of  wood  raw  material  sup- 
ply (flakes,  flakes/chips,  and  logs/chips), 
four  press  sizes,  and  four  plant  sizes 
ranging  from  37.5  million-  to  150 
million-square  foot  annual  production, 
1/2-inch  thickness. 

Actual  production  could  be  in  3/8-, 

1/ 2- , 5/ 8 - inch , or  other  thickness,  but 
all  costs  are  shown  in  this  report  on  a 
1/2-inch  basis.  The  cost  calculations 
include  a 15-percent  rate  of  return  on 
investment,  using  a discounted  cash  flow 
analysis  developed  at  the  U.S.  Forest 
Products  Laboratory,  Madison,  Wisconsin. 

Resulting  costs  of  production,  in- 
cluding wood  costs,  range  from  $167.14  per 
M square  feet,  1/2-inch  basis  (Longview 
150  MM  ft2  per  year,  40-percent  flakes 
and  60-percent  chips)  to  $254.94  per  M 
square  feet  (La  Grande,  37.5  MM  ft^  per 
year,  40-percent  logs  and  60-percent 


chips)  (Table  4) . These  are  calculated 
using  $33  per  oven  dry  ton  cost  of  pur- 
chased chips  ( "Maxi - chips"  2 to  3 inches 
in  length) , and  delivered  logs  costs  of 
$23,  $26,  and  $35  per  oven  dry  ton  in 
Longview,  Medford,  and  La  Grande,  res- 
pectively . 

Estimating  equations  were  developed 
to  permit  calculating  production  costs 
for  any  wood  cost  (Table  5).  These  may 
be  used  to  calculate  the  effect  on  total 
production  costs  of  any  increase  or  de- 
crease in  wood  cost  or  to  calculate  the 
amount  of  change  in  wood  cost  necessary 
to  achieve  a given  target  for  total 
production  cost. 

Likely  Market  Value  of 
~~Structural  Flakeboard 

The  principal  potential  market  for 
structural  flakeboard  is  for  1/2-inch 
sheathing  panels  corresponding  to  1/2-inch 
CD  exterior  grade  softwood  plywood.  In 
order  to  compete  with  softwood  plywood 
it  was  assumed  that  structural  flakeboard 
would  have  to  sell  at  10  percent  or  more 
under  the  price  of  softwood  plywood. 

Los  Angeles  was  chosen  as  an  assumed 
primary  market  for  structural  flakeboard 
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Table  5.  - ESTIMATING  COEFFICIENTS  FOR  CALCULATING  PRODUCTION 
COSTS  FOR  STRUCTURAL  FLAKEBOARD  AT  LONGVIEW,  WASHINGTON,  AND 
MEDFORD  AND  LA  GRANDE,  OREGON,  19761 


Press 

Size 

Site  and 

4 X 

8 ft 

4x16 

ft 

4 X 24 

ft 

8 X 24 

ft 

wood  supply 

a 

b 

a 

b 

a 

b 

a 

b 

(Dollars  per 

M sq.ft 

. 1/2-inch  basis) 

Longview,  Washington 

100$  flakes 

169.77 

1.26 

-- 

-- 

-- 

-- 

-- 

-- 

40$/60$  flakes/chips 

183.35 

1.26 

141.64 

1.24 

128.61 

1.24 

126.88 

1.22 

40$/60$  logs/chips 

208.35 

1 . 29 

159.43 

1.27 

143.48 

1.27 

139.33 

1.25 

Medford,  Oregon 

100$  f 1 akes 

172 . 31 

1.26 

-- 

-- 

-- 

-- 

-- 

-- 

40$/60$  flakes/chips 

186.32 

1.26 

143.59 

1.24 

130.21 

1.24 

128.55 

1 . 22 

40$/60$  logs/chips 

212.35 

1.29 

162.12 

1.27 

145.75 

1 .27 

141.58 

1 .25 

La  Grande,  Oregon 

100$  flakes 

172.31 

1 .23 

-- 

-- 

-- 

-- 

40$/60$  flakes/chips 

186.32 

1.23 

143.59 

1.22 

130.21 

1.22 

128.55 

1.19 

40$/60$  logs/chips 

212.35 

1 . 26 

162.12 

1.25 

145.75 

1.25 

141.56 

1.22 

1 2 

Production  cost  ($/M  ft  ) = a + bX,  where  a is  production  cost  excluding  wood  cost, 
and  b is  coefficient  of  wood  cost  per  oven  dry  ton  (X). 


from  Pacific  Northwest  plants.  In  1976 
the  wholesale  delivered  price  of  1/2-inch 
CD  exterior  grade  plywood  in  Los  Angeles 
was  about  $185  per  thousand  square  feet. 
Ninety  percent  of  this  would  be  $166.50. 
Subtracting  representative  freight  charges 
from  Longview,  Medford,  and  La  Grande 
gave  $142.17,  $147.47, and  $142.73  per 
thousand  square  feet,  respectively,  as 
the  target  f.o.b.  mill  price  structural 
flakeboard  would  have  to  meet  in  order  to 
be  competitive  with  softwood  plywood 
(Table  6) . 

Other  primary  markets  than  Los 
Angeles  could  have  been  chosen,  such  as 
Seattle,  Salt  Lake  City,  San  Francisco, 
or  Omaha;  however,  subtraction  of  freight 
costs  from  these  markets  should  give  about 
the  same  target  f.o.b.  mill  prices  as  to 
Los  Angeles. 

Conclusions 

Comparison  of  production  costs  with 
target  f.o.b.  mill  prices  indicates  that 
at  1976  costs  and  prices  structural 
flakeboard  would  not  be  competitive  with 
1/2-inch  CD  exterior  grade  softwood  ply- 
wood, under  the  requirement  that  struc- 
tural flakeboard  undersell  softwood  ply- 
wood by  10  percent  and  earn  a 15-percent 


rate  of  return  on  investment. 

Using  the  regression  coefficients 
shown  in  Table  5,  we  find  that  target 
f.o.b.  mill  prices  could,  however,  be  met 
in  the  larger  size  plants  if  wood  costs 
could  be  reduced  to  $10  to  $12  per  oven 
dry  ton  in  the  Longview  and  La  Grande 
areas,  and  $15  to  $17  per  oven  dry  ton  in 
the  Medford  area.  Such  low  costs  for 
wood  supply  seem  unlikely.  Alternatively, 
a price  rise  of  $25  to  $30  per  thousand 
square  feet  for  1/2-inch  CD  exterior  grade 
softwood  plywood,  without  any  increase  in 
costs  for  structural  flakeboard,  would  put 
flakeboard  within  the  competitive  range  in 
western  markets. 

Remodeling  older  particleboard  plants 
might  offer  a chance  to  save  on  initial 
investment  cost,  but  this  would  be  offset 
at  least  in  part  by  higher  operating  costs. 

Analysis  of  data  reported  from 
Eastern  and  Southern  United  States  poten- 
tial sites  for  production  of  structural 
flakeboard  indicates  that  those  sites  are 
in  a much  more  favorable  position  to  com- 
pete with  softwood  plywood  in  their  market 
areas.  This  is  due  to  1)  the  higher  mar- 
ket price  of  plywood  in  eastern  markets, 

2)  the  lower  freight  costs  for  structural 
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Table  6.  - CALCULATION  OF  TARGET  F.O.B.  MILL  PRICES  FOR 
1/2- INCH  STRUCTURAL  FLAKEBOARD  TO  BE  COMPETITIVE  WITH 
CD  EXTERIOR  GRADE  1/2- INCH  SOFTWOOD  PLYWOOD,  1976 


Plant  location 

Softwood  plywood 
CD-exterior 

Structural  flakeboard 

Los  Angeles  market 
price 

Competitive 

price 

Freight 

cost 

Target  f.o.b. 
mill  price 

(Dollars 

per  M ft^,  1/2-inch 

basis) 

Longview,  Washington 

185 

166 . 50 

24.33 

142 . 17 

Medford,  Oregon 

185 

166.50 

19.03 

147.47 

La  Grande,  Oregon 

185 

166.50 

23.77 

142.73 

flakeboard  from  eastern  and  southern 
sources,  and  3)  lower  costs  for  labor  and 
raw  materials. 

In  conclusion,  it  appears  that  struc- 
tural flakeboard  from  the  Pacific  North- 
west, as  of  1976,  could  not  compete  with 
flakeboard  produced  closer  to  eastern  and 
southern  markets,  nor  could  it  compete 
effectively  with  CD  exterior  grade  soft- 
wood plywood  in  western  markets  without 
a substantial  price  rise  for  the  com- 
peting plywood. 


7.  Withycombe,  Richard.  1975.  The 
outlook  for  particleboard  manufacture 
in  the  northern  Rocky  Mountain  region. 
USDA  Forest  Serv.  GTR  INT-21,  39  p., 
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References 


1.  Lehmann,  Wm.  F.  1977.  A perpetual 
supply  of  construction  sheathing  panels? 
Plywood  6 Panel  Magazine  17(8),  2 p. 

2.  Lehmann,  W.F.,  and  R.L.  Geimer.  1974. 
Properties  of  structural  particleboards 
from  Douglas-fir  forest  residues.  Forest 
Prod.  J.  24(10) : 17-25. 

3.  Heebink,  Bruce  G.  1974.  Particle- 
boards from  lodgepole  pine  forest  residue. 
USDA  Forest  Serv.  Res.  Pap  FPL-221,  14  p., 
illus.  Forest  Prod.  Lab.,  Madison,  Wis. 

4.  Howard,  James  0.  1973.  Logging  resi- 

due in  Washington,  Oregon,  and  California 
--volume  and  characteristics.  USDA 
Forest  Serv.  Resour.  Bull.  PNW-44,  26  p., 
illus..  Pacific  Northwest  For.  and  Range 
Exp.  Stn.,  Portland,  Oregon. 

5.  Maloney,  Thomas  M. , John  W.  Talbott,  et 
al.  1973.  Composition  board  from 
standing  dead  white  pine  and  dead  lodge- 
pole  pine.  I_n  Proceedings  of  10th 
Washington  State  Univ.  Symposium  on 
Particleboard,  Pullman,  Washington. 

6.  Ramaker,  Terry  J.,  and  Wm.  F.  Lehmann. 
1976.  High-performance  structural  flake- 
boards  from  Douglas-fir  and  lodgepole 
pine  forest  residues.  USDA  Forest  Serv. 
Res.  Pap.  FPL-286,  20  p..  Forest  Prod. 
Lab.,  Madison,  Wisconsin. 


196 


OPPORTUNITIES  FOR  FLAKEBOARD  PRODUCTION  IN  NORTHERN  CALIFORNIA 


George  B.  Harpole 
Economist 

USDA  Forest  Service 
Madison,  Wisconsin 


Abstract 

Logging-type  residues  available 
within  200  miles  of  Areata,  Calif, 
average  about  100,000  ovendry  tons  per 
year.  Another  518,000  tons  of  mill 
residues  are  available  annually  from  the 
same  area.  Wood  residue  volumes  appear 
sufficient  to  support  wood  requirements 
for  at  least  one  large  structural  flake- 
board  plant.  Estimates  of  wood  supply 
cost  (1976  basis)  range  from  about  $26 
to  $55  per  ovendry  ton,  depending  upon 
form  and  transportation  distance. 
Economic  analysis  indicates  that  an  ef- 
ficently  sized  structural  flakeboard 
plant  should  be  able  to  support  wood 
costs  for  logs  and  chips  ranging  up  to 
$38  per  ovendry  ton  or  higher  depending 
upon  product  market  value. 

Techniques  for  the  production  of 
structural  flakeboard  products  from 
hardwood  and  softwood  logging  residue- 
type  materials  have  been  determined. 
Additionally,  the  costs  of  manufacturing 
structural  flakeboard  products  from 
logging  residues  have  been  estimated 
for  four  different  sizes  of  facilities 
for  northern  California  sites.  Facility 
operating  costs,  excluding  wood  costs, 
have  also  been  estimated  for  an  Areata, 
Calif,  site.  The  objective  of  this 
paper  is  to  present  estimates  of 
av’ailable  annual  volumes  and  harvesting 
costs  of  logging  residues,  to  provide 
estimates  of  structural  flakeboard 
production  costs  which  include  wood 
costs,  and  to  assess  the  economic 
feasibility  of  manufacturing  structural 
flakeboard  from  a northern  California 
site. 

California  Forest  Resources 

Development  of  the  forest  industry 
in  California  began  with  the  discovery 
of  gold  in  1848  (4).  Early  logging  and 
milling  activities  were  confined  to  the 
more  accessible  coastal  areas  and  the 
mining  centers  in  the  central  Sierra 
Nevada.  Following  the  initial  period  of 
mining  activity,  population  increases 
and  resultant  growth  of  coastal  and  in- 
terior cities  resulted  in  a continued 
growth  of  wood  products  manufacture  - - 
primarily  in  the  regions  north  of  the 
San  Francisco  latitude.  The  northern 
regions  of  California  account  for  about 
77  percent  of  the  available  commercial 
forest  area  in  California- -about  13 
million  acres. 

The  long  history  and  localized 


nature  of  the  forest  industry  in  Cali- 
fornia have  resulted  in  a forest  resource 
of  complex  structure.  Large  areas  of 
mature  second-growth  timber  are  found 
concentrated  in  the  more  accessible  North 
Coastal  and  Central  Sierra  areas  of  the 
State,  primarily  on  private  land.  But, 
there  are  still  large  areas  of  National 
Forest  lands  stocked  with  old-growth 
sawtimber.  Also,  the  forests  of  northern 
California  are  highly  differentiated  due 
to  the  climatic  influence  of  the  coastal 
mountain  ranges;  the  result  is  the  heavily 
stocked  redwood-Douglas-f ir  stands  of 
"west  side"  coastal  influence  and  the  more 
sparsely  stocked  pine-fir  stands  of  the 
"east  side"  inland  influence  (Fig.  1). 

Over  the  past  decade,  log  production 
from  California  forests  has  ranged  from 
5 to  6 billion  board  feet  (Scribner  log 
scale) . About  40  percent  of  this  produc- 
tion is  currently  form  the  west  side  and 
47  percent  from  the  east  side  (2)  (4). 
Between  40  and  50  percent  of  total  log 
production  is  obtained  from  National 
Forest  lands. 

Availability  of  Forest  Residue 

Per  acre  volumes  of  available  log- 
ging residues  vary  sharply  because  of 
differences  between  the  pine-fir  stands 
of  the  east  side  and  the  redwood- Douglas - 
fir  stands  of  the  west  side,  different 
harvesting  systems  used,  and  cull-log 
demand.  One  study  indicated  that  west 
side  areas  average  about  2,755  cubic  feet 
of  logging-type  residues  per  acre  (net 
volume).  The  east  side  averages  only 
400  cubic  feet  per  acre  (3) . In  view  of 
this  information,  analysis  of  the 
feasibility  of  manufacturing  structural 
flakeboard  was  confined  to  consideration 
of  a west  side  site  (Areata,  Calif.)  that 
could  efficiently  draw  upon  major  concen- 
trations of  logging  residues. 

Cruise  defect  of  west  side  National 
Forest  timber  averages  around  30  percent 
of  gross  stand  volume,  or  about  35,000 
board  feet  (Scribner  scale)  per  acre  (5) . 
Correspondingly,  scaling  defect  of  log 
harvests  averages  about  25  percent  of 
gross  scale  volume,  reflecting  a sub- 
stantial volume  of  chippable  and  peelable 
cull  log  removal.  Slash  volume  left  in 
the  woods  from  over  4,150  acres  of  yearly 
regeneration  harvest  from  west  side 
National  Forest  lands  amounts  to  about 
1,460  cubic  feet  per  acre. 

About  55  percent  of  the  total  logging 
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reside  volume  is  obtainable  without 
new  road  construction,  which  could  supply 
about  3.3  million  cubic  feet  or  about 
50,000  ovendry  tons  of  logging  residues 
per  year  (28  and  37  lbs.  per  cu.  ft., 
dry  weight  green  volume  basis,  respective- 
ly for  softwoods  and  hardwoods)  from 
National  Forest  harvests  (Table  1) . About 
30  percent  of  this  volume  might  be  of 
mixed  hardwood  species. 

An  equal  or  greater  volume  of  log 
production  is  obtained  from  State  and 
private  forest  lands,  but  in  many  areas 
from  second- growth  stands  yielding  less 
than  old-growth  stand  averages  of  logging 
residues.  A reasonable  estimate  of  total 
logging  residue  volume  available  to  an 
Areata  manufacturing  site  might  be  about 
twice  the  volume  available  from  the 
National  Forest,  or  about  100,000  oven- 
dry  tons  per  year. 

Also,  partly  due  to  chippable  and 
peelable  cull  log  harvest,  2.8  million 
ovendry  tons  of  softwood  manufacturing 
residues  were  generated  in  1973  (2). 

About  1.8  million  tons  of  these  residues 
were  reported  to  have  been  used  as  fuel 
or  for  the  production  of  other  wood  and 
wood  fiber  products.  About  900,000  tons 
of  these  residues  were  reported  to  have 
been  unused.  In  1974,  a survey  of  70 
mills  in  Humboldt  County  indicated  the 
availability  of  about  518,000  tons  of 
unused  softwood  sawmill  residues  within 
a distance  of  200  miles  from  the  Areata 
area  (5)  (Table  2).  These  are  surplus 
residue  volumes  either  being  burned  or 
buried  in  landfills.  Although  these 
were  the  dregs  of  primary  manufacturing 
processes,  some  volume  of  these  mill 
residues  can  be  expected  to  be  in  the 
form  of  sawmill  edgings  and  rims  (up  to 
40  pet.)  that  could  be  used  for  the 
production  of  structural  flakeboard  (1). 

Wood  Requirements 

Structural  flakeboard  cannot  be 
produced  from  the  customary  mixtures  of 
planer  shavings  and  sawdust  used  for 
particleboard  manufacture.  At  least  30 
percent  of  the  structural  flakeboard 
furnish  must  be  of  high  quality  flake, 
such  as  produced  from  roundwood  using 
a disk  flaker  or  shaping  lathe  headrig 
to  produce  the  high-strength  faces  re- 
quired for  predictable  structural  per- 
formance. Core  furnish,  up  to  70  per- 
cent, however,  may  be  prepared  by  the 
flaking  of  maxichips  (2  to  3 inches  long) 
using  a ring  flaker.  Consequently, 
roundwood  and  other  forms  of  unchipped 
residues  are  needed  to  supply  at  least 
30  percent  of  the  wood  raw  material  for 
structural  flakeboard  manufacture. 

Four  different  sizes  of  structural 
flakeboard  facilities  were  analyzed.  In- 
vestment costs  for  the  largest  facilities 
were  about  three  times  those  for  the 
smallest  facilities  considered,  and  wood 


raw  material  requirements  ranged  from 
about  40,500  to  156,700  ovendry  tons  per 
year  (Table  3) . Because  economies  of 
scale  are  substantial,  and  wood  raw 
material  supplies  become  of  paramount  im- 
portance for  commercial  feasibility,  care- 
ful consideration  needs  to  be  given  to 
choosing  the  scale  of  a prospective  new 
facility. 

Costs  of  Harvesting  Logging  Residues 

Costs  of  mill  residues  and  logging 
residues  differ  because  slabs,  edgings, 
and  veneer  cores  reflect  the  joint  costs 
of  primary  processing.  Consequently, 
the  costs  of  mill  residues  to  a buyer 
of  wood  raw  materials  for  structural 
flakeboard  production  will  probably  re- 
flect the  going  market  price  for  pulp 
chips.  Over  the  past  5 years  pulp  chip 
prices  in  the  Arcata-Eureka  area  have 
reportedly  ranged  from  $20  to  $60  per 
bone  dry  unit  (2,400  lbs.,  bone  dry  wood), 
or  about  $17  to  $50  per  ovendry  ton. 

The  per-ton  costs  of  harvesting  and  trans- 
porting logging  residues  are  estimated 
to  range  from  $26  to  $35  per  ovendry  ton 
(Table  4)  , costs  which  probably  also 
influence  the  purchase-or-harvest  deci- 
sions of  pulp  chip  users. 

Production  Costs  of 
Structural  Flakeboard 

Estimated  production  costs  for  struc- 
tural flakeboard  at  an  Areata,  Calif, 
site  have  been  estimated  to  range  from 
$109  to  $191/MSF  (1/2-in.  basis),  ex- 
cluding wood  costs.  Production  costs  vary 
with  the  size  of  the  facility,  and  to  some 
extent  with  the  amount  of  pre-processing 
required  for  utilizing  roundwood.  That 
is,  processing  costs  for  utilizing  round- 
wood  increase  structural  flakeboard  pro- 
duction costs  from  $10  to  $37/MSF  (1/2  in.) 
over  costs  when  utilizing  chips  or  flakes. 
The  full  costs  of  producing  structural 
flakeboard,  including  wood  costs,  can  be 
estimated  by  referring  to  Figures  2 
through  5. 

Assuming  an  average  wood  cost  of  $33 
per  ovendry  ton,  the  full  cost  of  produc- 
ing structural  flakeboard,  including  wood, 
is  estimated  to  range  from  $149  to  $233/ 
MSF  (1/2  in.)  when  utilizing  softwood. 

Due  to  the  greater  weight  of  hardwoods, 
chemical  and  energy  costs  increase  on  a 
per  cubic  foot  basis.  For  this  reason, 
the  utilization  of  hardwoods  would  in- 
crease production  costs  up  to  about  4 per- 
cent. Structural  flakeboard  products 
would  have  to  be  sold  at  an  average  f.o.b. 
mill  price  (1976  basis)  of  from  $149  to 
$233/MSF  (1/2  in.)  to  support  profitable 
production  if  wood  costs  averaged  $33 
per  ovendry  ton  (Figures  2 through  5). 
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Table  1. 


- Estimated  annual  volumes  of  logging  residues 
available  within  a 200-mile^radius  of 
Areata,  California 


Logging  Residue 

2 

Softwoods 

3 

Hardwoods 

Total 

Gross'^ 

64.6 

(1,000  ovendry  tons) 
27.8 

92.4 

Net^ 

53.4 

22.2 

75 . 6 

Net  usable^ 

49.2 

20.4 

69.6 

7 

Net  available 

35.1 

14.8 

49.9 

g 

Net  available  bankable 

35 . 1 

13.9 

48.1 

9 

Net  available  non-barkable 

0 

1.9 

1.9 

^Correspondence:  USDA  Forest  Service,  Region  5,  May  1974. 

^Assumes  a weight  of  28.1  pcf,  ovendry,  green  volume. 

■^Assumes  a weight  of  37.0  pcf,  ovendry,  green  volume. 

^Gross  volume  defined  as  cubic  volume  of  a piece  of  residue  over  minimum  diameter  of 
4 inches  and  at  least  4 feet  in  length. 

^Net  volume  defined  as  the  portion  of  a piece  of  residue  capable  of  producing  sound 
pulp  chips  with  a 10  percent  minimum  recovery,  not  including  rotten,  shattered,  or 
missing  parts. 

^Net  usable  volume  is  defined  as  the  net  logging  residue  minus  limb  wood,  splinters, 
and  slabs  over  the  minimum  dimensions. 

^.Net  available  volume  is  defined  as  logging  residue  within  600  feet  or  less  of  an 
existing  landing. 

g 

Bankable  residue  is  that  capable  of  being  barked  by  a mechanical  barker. 

9 

Non-barkable  is  the  difference  between  net  available  volume  and  bankable  volume. 


Table  2.  - 
sawmills 


Annual 

within 


volume  of  mill  residues  from  70  operating 
a 200  mile  radius  of  Areata,  California^ 


Distance 


Ovendry  tons  per  year 


0-50  miles 
50-100  miles 
100-200  miles 


190,752 

172.600 

154.600 


Total 


517,925 


Correspondence : 


USDA  Forest  Service, 


Region  5, 


May  1974. 
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Table  3.  - Estimated  annual  wood  requirements  for  four  sizes 
of  structural  flakeboard  manufacturing  facilities 


Annual  output  capacity 

Wood  raw  material  requirements 

(million  square  feet, 
1/2-inch  thickness) 

(thousands  of  ovendry  tons) 

37.5 

40.5 

75.0 

80.1 

112.5 

119.8 

150.0 

156.7 

Table  4.  - Estimated  cost  of  logging  residues  at  Areata,  California 


Type  of  cost 

Cull  logs 

Chips  or  flakes 

(dollars 

per  ovendry  ton) 

Overhead  expense 

2.25 

2.25 

Road  construction 

NC 

NC 

Road  maintenance 

1.00 

1.00 

Fall  and  buck 

3.50 

. 50 

Yard 

11.00 

15.00 

Debark,  chip  and/or  flake 

NC 

7.00 

Load 

2.50 

1.00 

Total  harvest  cost 

20.25 

26.75 

Stumpage  cost 

0.50 

0.50 

Transportation : 

50-100  miles 

5.00 

5.00 

100-200  miles 

7.50 

7.50 

Total  costs: 

50-100  miles 

25.75 

32.25 

100-200  miles 

28.25 

54.75 

NC : no  charge. 


Likely  Market  Value  of  Structural 
Flakeboard 

Although  structural  flakeboard 
products  might  be  used  as  an  underlay- 
ment  grade  of  CD  exterior  sheathing  and 
possibly  for  specialty  uses  such  as  for 
siding  and  decorative  panel  use,  the 
primary  opportunity  would  probably  be 
in  commodity  grades  of  structural 
sheathing.  Of  these  products,  1/2-inch- 
thick  plywood,  CD  exterior  grade,  is  the 
most  predominant  product  in  use.  If 
structural  flakeboard  products  were  to 
compete  in  the  commodity  sheathing  markets 
they  would  probably  have  to  be  sold  at  or 
below  the  prevailing  market  costs  for 
comparable  plywood  sheathing. 

An  estimate  of  the  maximum  average 
market  value  structural  flakeboard  might 
have  attained  during  1976,  f.o.b.  Areata, 
is  based  on  the  average  market  price  of 
CD  exterior  grade,  1/2-inch  plywood  f.o.b. 


Los  Angeles,  less  the  higher  freight  cost 
of  structural  flakeboard.  The  average 
market  price  for  CD  exterior  grade,  1/2- 
inch  plywood  f.o.b.  Los  Angeles  was  about 
$185/MSF  (1/2  in.)  during  1976.  Freight 
costs  for  1/2-inch-thick  structural  flake- 
board weighing  1,962  pounds  per  thousand 
square  feet,  1/2-inch  thick,  would  be 
about  $15.50  (via  rail,  79<f/cwt  ),  in- 
dicating an  f.o.b.  Areata  mill  value  of 
about  S169.50/MSF  (1/2  in.)  (subject  to 
trade  discounts  of  5,  3,  and  2 pet.). 

Assessment  of  Commercial  Feasibility 

Assessment  of  commercial  feasibility  can 
be  made  by  matching  expected  production 
costs  of  structural  flakeboard  manufacture 
against  likely  f.o.b.  mill  value  of 
product  output  (Figs.  2 through  5).  For 
example,  the  facility  producing 
112,500,000  square  feet  of  1/2-inch 
material  per  year  from  flakes  and  chips, 
including  wood  costs  ranging  from  $30  to 
$33  per  ovendry  ton,  indicate  production 
costs  ranging  from  $150.50  to  $154.25-- 
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substantially  less  than  the  estimate  of 
f.o.b.  mill  market  value.  Conversely, 
an  f.o.b.  mill  value  of  $169.50/MSF 
could  be  expected  to  support  wood  costs 
up  to  $45  per  ovendrv  ton 
(($169.50  - 113)/1.25). 

Using  the  same  method  of  analysis, 
commercial  feasibility  would  be  indicated 
as  a possibility  for  all  but  the  small- 
est of  the  facilities  considered  (the 
facility  rated  for  37,500,000  SF  per 
year)  . 

Summary  and  Conclusions 

The  long  history  and  localized 
nature  of  the  California  forest  industry 
have  resulted  in  a forest  resource  of 
complex  structure.  Also,  in  the  northern 
California  regions  which  account  for 
about  87  percent  of  total  log  production 
in  the  State,  forests  are  highly  dif- 
ferentiated between  the  redwood-Douglas - 
fir  stands  of  west  side  coastal  influence 
and  the  pine-fir  stands  of  east  side 
inland  influence.  Due  to  differences 
between  the  west  side  and  east  side 
forests,  different  harvesting  systems 
used,  and  cull-log  demand,  per  acre 
volumes  of  available  logging  residues 
vary  sharply.  Because  the  per  acre 
volumes  of  logging  residues  in  the  west 
side  forests  are  about  six  times  the 
volume  of  those  in  the  east  side  forest, 
analysis  of  the  feasibility  of  manu- 
facturing structural  flakeboard  was  con- 
fined to  consideration  of  a west  side 
site  (Areata,  Calif.)  that  could  ef- 
ficiently draw  upon  major  concentrations 
of  logging  residues. 

It  is  estimated  that  about  100,000 
ovendry  tons  of  logging  residues  should 
be  available  to  an  Areata  site  within  a 
distance  of  200  miles.  About  30  percent 
of  this  volume  would  probably  be  of 
mixed  hardwood  species.  Additionally, 
between  500,000  and  900,000  ovendry  tons 
of  unused  softwood  mill  residues  are 
generated  annually  within  a 200-mile 
radius  of  Areata.  At  least  30  percent 
of  the  structural  flakeboard  furnish  must 
be  of  high-quality  flake,  such  as  pro- 
duced from  roundwood  using  a disk  flaker 
or  shaping  lathe  headrig  to  produce  the 
high-strength  faces  required  for  pre- 
dictable structural  performance.  Log- 
ging and  mill  residue  supplies  appear 
sufficient  to  supply  the  wood  raw 
material  requirements  for  at  least  a 
medium-sized  structural  flakeboard 
facility . 

Estimates  of  wood  supply  costs  in- 
dicate that  the  per-ton  costs  (ovendry) 
of  harvesting  and  transporting  logging 
residues  to  an  Areata  site  would  range 
from  about  $26  to  $35.  Mill  residues 
of  suitable  quality  for  structural  flake- 
board manufacture  would  probably  range 
from  about  $17  to  $50  per  ovendry  ton. 


depending  upon  markets  for  pulp  chips. 

The  full  costs  of  producing  struc- 
tural flakeboard,  including  wood  costs 
averaging  $33  per  ovendry  ton,  are 
estimated  to  range  from  $149  to  $233/MSF 
(1/2  in.)  depending  upon  facility  size  and 
amount  of  roundwood  pre-processing  re- 
quired. The  average  f.o.b.  Areata  market 
value  for  structural  flakeboard  products, 
during  1976,  was  estimated  to  be  up  to 
$169/MSF  (1/2  in.),  and  to  indicate 
economic  feasibility  for  all  but  the 
smallest  facility  considered. 

References 

1.  Grantham,  John  B.  1974.  Status  of 
timber  utilization  on  the  Pacific  Coast. 
USDA  For.  Ser.  Gen.  Tech.  Rep.  PNW-29. 
Pacific  Northwest  Forest  Exp.  Sta., 
Portland,  Oreg. 

2.  Howard,  James  0.  1974.  California 

forest  industry  wood  consumption  and 
characteristics,  1972.  USDA  For.  Ser. 

Res.  Bui.  PNW-52.  Pacific  Northwest 
Forest  Exp.  Sta.,  Portland,  Oreg. 

3.  Howard,  James  0.  1973.  Logging 

residue  volume  and  characteristics. 

USDA  For.  Ser.  Res.  Bui.  PNW-44.  Pacific 
Northwest  Forest  Exp.  Sta.,  Portland, 

Oreg . 

4.  Oswald,  Daniel  D.  1970.  California's 
Forest  Industries - -prospects  for  the 
future.  USDA  For.  Ser.  Resource  Bui. 
PNW-35.  Pacific  Northwest  Forest  Exp. 
Sta.,  Portland,  Oreg. 

5.  USDA  Forest  Service.  May,  1974. 
Correspondence  with  Region  5. 


201 


Figure  3.- 

Relationship  of  production 
cost  to  wood  cost  for  a 
structural  flakeboard 
facility  rated  for  75,000 
MSF,  1/2-inch  thick,  of 
output  per  year. 


Production  Cost  Market  Value 

(SABF)“ 


Production  Cost 


i larket  Value 


Figure  4.- 

Relationship  of  production 
cost  to  wood  cost  for  a 
structural  flakeboard 
facility  rated  for  112,500 
MSF,  1/2-inch  thick,  of 
output  per  year. 


Figure  5.- 

Relationship  of  production 
cost  to  wood  cost  for  a 
structural  flakeboaord 
facility  rated  for  150,000 
MSF,  1/2-inch  thick,  of 
output  per  year. 
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